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CLASTIC DEPOSITIONAL SYSTEMS-- 

A GENETIC APPROACH TO FACIES ANALYSES * 
W. L. Fisher and L. F. Brown, Jr. 
Bureau of Economic Geology 
The University of Texas at Austin 
INTRODUCTION 

The study of clastic sediments as facies components of sedimentary basins 
has progressed to reasonably definitive genetic analysis in the past decade. 
This has been made possible by (1) the upsurge of in-depth, three-dimensional 
studies of modern depositional facies in relationship to sedimentary environ- 
ments and associated active depositional processes, and (2) the intensive and 
increasing application of these models to ancient sedimentary rocks. In genetic 
analysis, the objective and descriptive approach is not supplanted; in fact, the 
application of modern depositional analogues to ancient counterparts requires 
thorough analysis through description, mapping, and delineation of specific rock 
facies. De-emphasized, however, in the genetic approach is elaborate consider- 
ation of formal nomenclature and stratigraphic codes. 

The purpose of this course is to approach stratigraphy and sedimentology 
on a genetic basis, so that, through appreciation of sedimentary environments, 
depositional processes, origin of sedimentary facies, and the interrelationships 
of facies and depositional processes, a fuller utilization of the law of uniformi- 


tarianism to ancient sedimentary facies can be achieved. 


1 
*Second printing, March 1975, This printing includes updated references. 


Following p. 211. 


fer 


A modern "depositional system'! is an assemblage of related facies, environ- 
ments, and associated processes. An ancient depositional system is, therefore, 
a three-dimensional assemblage of sedimentary facies linked genetically by 
inferred sedimentary environments and depositional processes. This genetic 
linkage results from a holistic interpretation of the rocks to arrive at inferred 
environments and processes compatible with modern analogues. The fundamental 
genetic unit is the facies, defined in terms of its composition and lithology, 
geometry, structure trend, and other characteristics and these, in turn, related 
to depositional processes. 

Nine principal clastic depositional systems are considered. These include: 

1, Fluvial systems 

2. Delta systems 

3, Barrier bar-strandplain systems 

4, Lagoon, bay, estuarine, and tidal flat systems 

5. Continental and intracratonic shelf systems 

6. Continental and intracratonic slope and basinal systems 

7. EHEolian systems 

8. Lacustrine systems 

9. Terrigenous fan (alluvial fan and fan delta) systems 

Each system is considered in the following aspects: (1) Basic, operative 
depositional processes; (2) principal depositional environments and their inter- 
relationships; (3) principal depositional facies and their physical and biologic 


characteristics; (4) ancient examples and criteria in recognition (composition, 


trend, sedimentary structures, internal and external geometry, and spatial 
facies relationships); (5) basic working models or variants within each system, 
combining data from both modern and ancient systems; (6) contemporaneous 
structural associations and system variations in differing tectonic basins; and 
(7) functional application of genetic stratigraphy and sedimentation (or depo- 
sitional systems) to mineral exploration and basin analysis, with type examples. 
Certain aspects of seismic stratigraphy are outlined. 

Basic understanding of sedimentary processes and stratigraphic principles 
(correlation, age dating, mapping, etc.) is assumed and utilized, although many 
standard concepts and principles are reevaluated and, in some cases, signifi- 
cantly modified. Special techniques are considered as tools and not as shortcuts 
to the understanding of clastic facies. Stratigraphy and sedimentology are not 
recognized as separate disciplines; studies of modern and ancient depositional 
facies and systems are merged. Distinctions are not made between surface and 
subsurface analysis, and the particular kind of information available from each 
is thoroughly integrated. 

Emphasis obviously is placed on examples, both modern and ancient, where 
maximum detail is available. From these studied examples, working models are 
established that can, in turn, be applied to poorly known basins or to basins 
where stratigraphic control is limited. 

The course is concluded with a comparative examination of variations in 
facies distribution in different types of structural basins. The interrelationship 
of depositional systems within different basins is emphasized, and the role of 


basin tectonics is outlined. 


Herein are included the following: (1) a course outline, (2) a brief summary 
of each depositional system, and (3) an extended bibliography of each depositional 


system. The course is illustrated with a large number of slides. 


Course Outline 


INTRODUCTION 
1. Depositional systems: role of genetic stratigraphy and sedimentation 
2. Utility of modern and ancient depositional analogues 
3. Examples of clastic systems and their relationship to basin fabric 


4. Sediment dispersal systems 


FLUVIAL SYSTEMS 


1. Introduction: physiographic elements, river morphology, stream 
channel hydraulic geometry; basic flow of water in channels, cut- 
offs, avulsion and abandonment 


2. Basic channel patterns and operating mechanisms: meandering, 
braided, straight 


3. Flow regime, bedforms, and associated fluvial sedimentary structures 
4. Principal fluvial environments and controlling processes 


Channel environments: channel floor, point bar, longitudinal bar, 
transverse bars, chute fronts 


Nonchannel environments: subaerial levee, crevasse splay, flood- 
plain, flood basin, swamp, marsh, abandoned channel, swales 


5. Vertical and lateral construction processes: deposition and aggra- 
dation 


6. Classification of fluvial facies 


7. Specific fluvial facies and sequences: characteristics and recogni- 
tion (lithology, internal geometry and sedimentary structures, thick- 
ness, sequence, sand-body geometry, E-log characteristics, core 
interpretation, map trends, and lateral-vertical relationships) 


8. Fluvial models, component facies, stratigraphy of fluvial deposits 


Fine-grained meanderbelt model 
Coarse-grained meanderbelt model 

Braided channel model 

Straight channel (distributary channel) model 


9. Multistory and multilateral sand bodies: trends, geometry, varia- 
tion in lateral persistence, stacking, compaction 


10. Diagenesis of fluvial deposits: cementation, kaolinization, fluid 
migrations 


11. Ancient fluvial systems: case histories (Tertiary of Gulf Coast 
Basin, Upper Paleozoic of U. S. Eastern Interior and southern Mid- 
continent, Permian of Appalachians, Triassic-Jurassic of Colorado 
Plateau, Cretaceous of U. S. Western Interior, Paleozoic of Donets 
Basin, Lower Paleozoic of central Appalachians, Devonian of Great 
Britain 


12. Geologic history of fluvial systems: dispersal systems, tectonic im- 
plications, basin localization, association with downdip (downslope) 
depositional systems 


13. Mineral deposits in fluvial systems: sand channels as oil and gas 
reservoirs, sites of uranium mineralization, association with coal 
and ceramic clay deposits, sand and gravel deposits, localization of 
ore deposits 


DELTAIC SYSTEMS 
1. Introduction: importance in basin fills; basic processes; definition 
2. Geologic variables in delta formation (inflow and reservoir water 
bodies, sediment input and marine reservoir energy levels, compac- 


tion-tectonic factors) 


3. Hydrodynamics of delta formation and delta building (construction 
and destruction) 


4. Principal delta environments and facies: processes and formation, 
composition, preservation, internal and external geometry, facies 
relationship and integration 


Constructive facies: fluvial or fluvially influenced 


Framework elements: sand facies including delta front, distri- 
butary channel, subaqueous levee 


Nonframework elements: mud and organic facies including off- 
delta, prodelta, and ondelta plain 


4. 


Principal delta environments and facies (continued) 
Destructive facies: predominantly marine 


Temporally distinct facies: delta margin islands, bay-sound, 
marsh, and shelf 


Contemporaneous facies: coastal barrier-strandplain, lagoon, 
tidal sands, tidal plain, and shelf 


Basic delta types and Holocene models: setting, depositional proc- 


esses, facies composition, spectral comparison, utility in ancient 
delta interpretation and recognition 


High-constructive lobate deltas: Mississippi Lafourche, St. Ber- 
nard, and Teche 


High-constructive elongate deltas: Mississippi Plaquemines and 


modern 


High-destructive wave-dominated deltas: Rhone, Po, Nile, Danube, 
Apalachicola, Surinam, Tabasco, Macleay 


High-destructive tide-dominated deltas: Irrawaddy, Mekong, Gulf of 
Papua 


Composite deltas: Niger, Fraser, Orinoco 

Stratigraphic classification of delta systems: modern and ancient 
Ancient delta systems: case hispories 

Lower Wilcox of Gulf Coast Basin, Upper Wilcox of Texas, Yegua of 
Texas, Jackson of Texas, Cotton Valley of northern Gulf Coast Basin, 


Woodbine of northeast Texas, Vicksburg of Texas, Frio of Texas 


Upper Paleozoic of Appalachians, U. S. Eastern Interior, U. S. Mid- 
continent 


Cretaceous of U. S. Western Interior, Alaskan North Slope Basin 
Paleozoic of Donets Basin, USSR 
Traissic of German Basin 


Pleistocene of U. S. Gulf and Atlantic Coastal Plains 


8. Delta systems and structural associations: growth faulting, salt 
coming, differential compaction 


9. Post-depositional hisory of delta facies: hydrodynamics, cementa- 
tion, migration of sediment hydrocarbons, conversion of sediment 
hydrocarbons 

10. Mineral deposits in delta systems 
Oil and gas trends in Gulf Coast Basin delta systems 


Oil and gas trends in U. S. Western Interior delta systems 


Hydrocarbon formation, migration, and entrapment in relation to 
delta system and component facies 


Secondary porosity, permeability, cementation, and diagenesis in 
deltaic reservoirs 


Delta systems and coal measures 


Uranium mineralization in delta facies 


STRANDPLAIN-BARRIER BAR SYSTEMS 


1. Fundamentals of strike-fed systems: sediment source, transport 
mechanisms, relationship to dip-fed systems (fluvial and deltaic 
systems), basin trend and orientation 


2. Distinction of strandplain and barrier-bar facies as independent 
systems and as constituent facies of other depositional systems 


3. Principal environments and resulting facies (shoreface, beach, off- 
shore shelf, dunes, back-barrier, tidal inlets and tidal deltas, storms 
and washover fans, associated lagoons, bays, mudflats, and marshes) 


4. Recognition of ancient barrier-bar and strandplain sands (sequence, 
geometry, internal structures, facies relationship, E-log character- 
istics, core interpretation, map trends, orientation im respece ro 
other depositional systems) 


5. Strandplain-barrier bar models: 


Independent systems with distant strike feeding: cheniers of south- 


western Louisiana and barrier islands of Texas coast 


Strandplain-barrier bar models (continued) 


Constituent facies of high-destructive deltas: coastal barriers of 
Rhone, Po, Tabasco, Nile, Danube, U. S. Georgia coast 


Relict sands of high-destructive deltas (destructive phase): Outer 
banks of U. S. Carolina coast, coastal barriers of Dutch and German 


coasts 


Delta margin islands (destructive phase of high-constructive deltas): 
Mississippi Chandeleurs, Grande Isle, Isle Dernieres 


Strandplains associated with nonprograding river mouths: Surinam 


coast of South America, Mazatlan coast of western Mexico, northern 
coast of Sea of Azov 


Coastal barriers of predominantly tidal origin: marginal barriers of 
Niger delta 


Coastal barriers (destructive phase of fan deltas): Gum Hollow, Texas 
Coast 


Ancient strandplain and barrier-bar systems: case histories 


Tertiary of Gulf Coast Basin: Lower Wilcox, Upper Wilcox, Jackson, 
Yegua, Vicksburg 


Cretaceous of Gulf Coast Basin: Paluxy, Woodbine 
Jurassic of Gulf Coast Basin: Terryville 


Cretaceous of U. S. Western Interior: Frontier, Gallup, Emory, 
Muddy, Pictured Cliffs, Eagle, Point Lookout, Fox Hills 


Paleozoic of central Appalachians: Chemung, Bradford, Venago 
Paleozoic of Donets Basin, USSR 

Pennsylvanian of Oklahoma: Cherokee 

Barrier bar-strandplain systems and mineral deposits 


Oil and gas accumulations in Tertiary of Gulf Coast, Cretaceous of 
Gulf Coast, U. S. Western Interior, Paleozoic of central Appalachians 


Stratigraphic, nonclosure traps; seaside barrier-bar accumulations, 


lagoon-side strandplain accumulations; sand isolation in tidal deltas 
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Barrier bar-strandplain systems and mineral deposits (continued) 
and washover fans 


Other mineral deposits in strike-fed sand units 


LAGOON, BAY, AND ESTUARINE SYSTEMS 
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Introduction: distinction of lagoons, bays, and estuaries; setting 
Principal depositional processes; main types 

Principal depositional environments 

Bay-lagoon environments 

Mainland-associated environments 

Barrier island-associated environments 

Principal depositional facies (physical and biologic composition) 
Bay-margin facies 

Bay-center facies 

Tidal inlet and tidal delta facies 

Bay head-delta facies 

Washover-fan facies 

Marine model: open bays and hypersaline or restricted bays 


Ancient examples 


Role in stratigraphic trapping of strike sand systems 


TERRIGENOUS CONTINENTAL SHELF SYSTEMS 


Introduction: definition; distinction of structural and depositional 
shelf 


Types and distribution of shelf sediments: detrital, biogenic, and 
authogenic 


Construction of continental shelves: depositional-tectonic types 


Fault block-dammed shelves: circum-Pacific shelves 


i | 


3. Construction of continental shelves: depositional-tectonic types 
(continued) 


Organic reef-dammed shelves: eastern Gulf Coast Basin 


Diapiric-dammed shelves (salt domes and salt ridges): western 
Gulf Coast Basin 


Shelves at grade: shelves seaward of high-constructive delta systems 
Eroded or cut shelves: Gulf of Maine 

4. Relict versus modern shelf sediments: recognition of relict sedi- 
ments; sediments in equilibrium with modern shelf processes; rates 
of shelf deposition 

5. Modern continental shelves: eastern Asiatic, Bering Sea, western 
U. S. shelf, Gulf of Mexico, U. S. Atlantic shelf, northeastern South 
America shelf, western Africa shelf, Irish Sea, North Sea 


6. Shelf processes 


Depositional processes: offdeltas, storm ebbs, longshore convergence, 
turbidity currents, tidal currents, sand swells 


Nondepositional (destructive) processes: bioturbation (some biogenic 


and chemical sediments added), winnowing and reworking, bypassing 


7. Shelf facies: prodelta, grade deposits, tidal sand ridges, sand swells, 
ebb surge deposits 


8. Biogenic elements in terrigenous shelf deposits: faunal distribution, 
paleoecology, bioturbation, glauconites 


9. Stratigraphic utility of shelf deposits 


10. Shelf deposits as hydrocarbon source beds 


TERRIGENOUS FAN SYSTEMS (Alluvial fans, fan deltas, and clastic wedges) 


1. Introduction: distinction of fan systems from delta systems; dis- 
tinction of alluvial fans, fan deltas, and clastic wedges or fan sys- 
tems; occurrence; distribution; requisites for fan formation 


thy 


Alluvial fans 


2. Morphologic features, origin, and development 

3. Processes and deposits: stream flow, debris flow, mud flows, 
infiltration and sieve deposits 

4. Trends and facies tract: distinction of proximal and distal fan 
facies 

Fan deltas 

5. Morphologic features, origin, and development 

6. Processes and deposits: channel, fan plain, fan head, distal 
fan, destructional phase deposits 

7. Trends, facies tract, and relationship to subaqueous depositional 


systems 


Fan systems or clastic wedges 


8. 


10. 


A Ge 


Tb 


Development of compound fans; occurrence, geologic distribution, 
and implication 


Ancient examples: Triassic Newark, Eagle Mills, and New Red 
Sandstone; Paleozoic Appalachian wedges; Devonian Old Red Sand- 
stone; Paleozoic of Ancestral Rockies; Cretaceous of Western 
Interior United States 


Relationship of fan systems to other depositional systems 
Mineral deposits in fan systems: oil and gas from destructional 


bars (Appalachians, south and central Rockies, southern Mid- 
continent) 


LACUSTRINE SYSTEMS (nonglacial) 


Significance of lacustrine systems: oil shales and unique salts, 
model for density underflows, delineation of Gilbert-type deltas 


Limnological processes: thermal and chemical stratification of 
water bodies, seasonal turnover; terrain influence on water chem- 
istry 
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Varving: process, variety, and implications 
Lacustrine environments and models: closed and open lakes 


Principal lake facies (lithology, structures, biota, mineral 
composition, cycles) 


Closed lake facies: thermally stratified deposits 
chemically stratified deposits 


Open lake facies 
Marginal lake facies 


Gilbert deltas: inflow characteristics, depositional processes, 
development of top-, fore-, and bottom-set deposits 


Lacustrine underflows: density currents, relationship to deep sea 
density currents, lacustrine turbidites 


Modern lakes: limnology, facies, processes 
Lake Mead 

Lac Leman 

Lake Constance 

Dead Sea 


Lakes in other depositional systems: mainly fluvial and deltaic 
systems 


Ancient lacustrine systems: facies tracts and sequence, composi- 
tion, associated mineral deposits 


Bonneville and Great Basin Pleistocene lakes, including playas 
and salt flats 


Mississippian Lake Albert 
Eocene Green River lakes 
Triassic Lockatong lakes 
Jurassic Todilto evaporite lakes 


Oligocene Florissant lakes 


14 


10. 


Oil shales in lacustrine systems: origin, facies association, 
distribution; lacustrine sediments as hydrocarbon source beds 


CONTINENTAL SLOPE AND ABYSSAL SYSTEMS 


1G. 


Ll 


Introduction: definition and occurrence 


Principal depositional processes: pelagites, turbidity currents, 
deep counter currents, slumping, fan formation 


Phy siographic features of deep ocean basins: delta cones, abyssal 
plains, submarine canyons, submarine fans 


Origin and mechanics of turbidity currents 

Origin and mechanics of contourites 

Characteristics of submarine fans: submarine channel deposits, 
proximal fan, distal fan, marginal plain; structural types and 
variations; flysch sequences 


Criteria for recognition of ancient deep-water deposits 


Development of continental rise: importance in basin infilling; 
relationship to paralic deposition; bearing on shelf construction 


Ancient deep-sea systems: Ventura Basin, Marathon Basin, Ap- 
palachian foredeeps 


Basic slope models: uplap and offlap systems 


Deep-sea deposits in oil and gas exploration 


EOLIAN SYSTEMS 


Introduction: physics of windblown sand 


Distribution of eolian systems: climatic parameters; continental 
versus coastal dune fields; independent eolian systems; constituent 
facies in other depositional systems 


General features of eolian sands: lithology, structures, petrology, 
distribution 


10. 
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Basic dune types: transverse, barchan, parabolic, dome, longi- 
tudinal, seif, reversing, star 


Internal structures of sand dunes: types and relationship of specific 
sedimentary structures, comparison of structures 


Regional trends in eolian systems: variations in dune type and 
eolian structures 


Vertical and lateral trends in structures of specific dune types 
Preservation of eolian deposits: water table bedding 


Modern eolian systems: White Sands National Monument, northem 
Africa, Middle East, South Texas coastal and inland dunes, Oregon 
coast 


Ancient eolian systems: Permian and Mesozoic of Colorado Plateau 


Eolian deposits as potential oil and gas reservoirs: Rothliegende 
of North Sea area 


BASIN ANALYSIS 


Ne 


Techniques and methodology 


Genetic facies and depositional systems related to tectonic frame- 
work 


Structural associations 
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FLUVIAL SYSTEMS -- Summary 


1. Channel geometry: Controlled by discharge, caliber, and sediment load (in- 
dependent factors); by slope (dependent factor); by channel width and depth, 
flow velocity, bed roughness (neither wholly dependent nor wholly independ- 
ent) 


2. Channel patterns 


a. Braided: low sinuosity; marked by successive divisions and rejoining 
of flow around alluvial islands 

b. Meandering: high sinuosity; more or less regular inflections in chan- 
nel direction; scour pools at points of inflection, riffles between 

c. Straight: as aggrading streams best developed on delta plains as dis- 
tributary channels; thalweg shifts but channel does not meander 


3. Flow of water in channels 


a. Reaches: maximum velocity in center, decreases to sides; maximum 
turbulence toward sides of channel and channel floor 

b. Bends: channel asymmetrical, gentle on convex side, steep on con- 
cave side; in low stage, maximum velocity close to concave bank, 
maximum turbulence close to foot of concave bank; convex side is 
shoal and irregular 

c. Flow at surface and depth: excepting high stage, maximum velocity 
swings from concave bank across reach to opposite concave bank; 
during flood and increased velocity, flow less sinuous, maximum 
velocity swings out from concave bank to bar, may scour bar to 
give chute channels 


4. Load types: Bedload and suspended load 
JL LOGES Ses 


a. Meandering streams: shift of thalweg results in erosion on concave 
bank and deposition on next downstream convex bank to form 
point bar; with complementary cut and fill process stream mean- 
ders and shifts laterally, result is accretion topography formed 
by a series of point bars 
Point bars: aggradation of bed load against shoal convex bank; 
build up to about 80 feet depending on bank stability and, in turn, 
on bedload/ suspended load ratio 
Formation: shift in maximum velocity to concave bank results 
in superelevation of water surface toward concave bank, cross- 
channel current is set up with velocity about 15% of downstream 
velocity, flows toward convex bank; bedload carried up the con- 
vex bank; as bar is ascended during flood, progressively coarser 
materials are dropped out, giving fining upward sequence in tex- 


ay 


Fluvial Systems 


ture and scale 
Lateral erosion rates: up to 2,500 feet per year reported; 500 
feet per year in lower Mississippi River 

b. Levee formation: in flood stage, channel overflows banks; resulting 
decrease in velocity causes deposition; coarsest sediment ad- 
jacent to channel, fines carried to floodbasin; levee and flood- 
basin built through vertical accretion in contrast to lateral ac- 
cretion of point bars 

c. Straight streams: where aggrading associated with extensive levees 
that lead to channel stability and confinement; channel cross 
section symmetrical; shift of thalweg occurs with minor point 
bars developed but principal deposition along channel floor 

d. Braided streams: broad, shallow streams characterized by incom- 
petence in transporting coarsest fraction; high bedload, low sus- 
pended load; during flood, load moved as a series of transverse 
bars; longitudinal bars built from nucleus of coarse material not 
moved by stream 

e. Crevassing: during flood, excess water from channel leaves through 
isolated low section in natural levee; once initiated, breach is 
scoured and deepened; sediment load deposited on lower slope of 
levee; result is a crevasse splay 

f. Cut offs: chute cut off, channel shortened by cutting new channel along 
a swale in meander-belt neck cut off, abandonment of meander, 
either by gouging new channel across narrow neck or through 
capture of one loop by the next upstream, resulting in oxbow lake 

g. Avulsion: sudden abandonment of part or whole of meander belt by 
stream from some new course at lower level on floodplain; local 
crevassing may lead to permanent change of stream course and 
major shift or avulsion 


6. Flow regime and bedforms 


a. Lower flow regime: resistance to flow large, sedimenttransport small; 
lower part gives small-scale ripples with small-scale cross strati- 
fication; upper part of lower flow gives large-scale ripples or dunes 
with large-scale cross stratification; transport in discrete steps; 
bedform roughness predominates; water surface and stream bed 
out of phase 

b. Transitional flow regime: characterized by washout dunes 

c. Upper flow regime: resistance to flow small, sediment transport 
large; resulting bedforms are plane bed and antidune; internal 
structures marked by flat bedding, either horizontal, plane, or 
gently undulating, surfaces of laminae show primary current 
lineation; transport is continuous; grain roughness predominates; 
water surface and stream bed in phase 
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Fluvial Systems 


7. Fluvial environments and facies 


a. 


b. 


Channel floor: deeper parts of stream; coarsest sediment in system 
left as residual accumulation or lag; moved only during excep- 
tional floods; fills scours in channel; resulting deposit is com- 
monly conglomeratic, shows large- to moderate-scale trough 
cross beds, and forms basal unit in channel sequence 

Point bar: extends up from lag deposits; as thick as channel in which 
it was formed; in fine grained systems up to 80 feet, in coarse 
grained systems about 20 feet; made up predominantly of sand; 
has shape of individual meander belt, asymmetrical in cross 
section; in fine-grained point bars, sequences fine upward in 
texture and scale of stratification, lower part with large-scale 
troughs, tabular cross beds common on downstream end, upper 
part commonly with horizontal bedding; in coarse grained point 
bars, no vertical trend in texture or Sructures, main structures 
large- to moderate-scale troughs, few tabulars, and commonly 
large-scale foreset cross stratification developed as chute-front 
deposits; lateral shift of meander belt gives sand unit of varying 
width, up to 30 miles; fine-grained meander belts commonly 
multistoried and with complete point-bar sequences; coarse- 
grained meander belts commonly multilateral with ncomplete 
point-bar sequences 

Channel bar: bars formed within channel, common to braided streams; 
common types are transverse bars and longitudinal bars; marked 
by few stratification types, generally plane bedded flanked by 
small tabulars or foresets and minor small-scale troughs; lateral 
discontinuity of sedimentation units; resulting deposit a highly ir- 
regular multilateral sand 

Swale (fill): chiefly fine grained sediments filling arcuate depressions 
between point-bar ridges in meander belt; overbank deposition; 
generally 10 to 15 feet thick, 30 to 100 feet wide, depending on 
relief of point-bar topography; fill mostly mud, laminated, sus- 
pension deposition 

Chute cut off: formed by scouring swale during flood, swale tends to 
straighten; bedload may be transported through cut off and be de- 
posited as large-scale foresets at downstream end; abandoned 
chute fill similar to swale fill 


Levee: sinuous, ribbon-like, prismatic body of sediment, triangular 


in cross section; size depends on size of river and amount of 
suspended load; best developed on concave bank and slightly up- 
stream of point bars in fine-grained meander belts; flanks both 
sides of aggrading straight stream; coarsest sediments adjacent to 
channel, fine away from channel; rapid interbedding of coarse and 
fine sediments; primary structures small-scale troughs, wavy 
laminations; primary structures generally destroyed; root mottling 
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common; commonly oxidized with concretions abundant 

g. Crevasse (crevasse splay): narrow to broad localized tongues of 
sediments, sinuous to lobate in plan, deposits over lower slopes 
of levees and outer margins of floodbasins; range in thickness 
from few inches to several feet; as coarse as or commonly 
coarser than associated levee deposits 

h. Floodbasin and floodplain: accumulation of fines suspended in flood- 
waters in low areas marginal to channels and levees; finest 
sediment in fluvial system; primary structures mostly uniform 
lamination; shrinkage cracks common; root mottling; homogenized 
soil zones; swamps may be common, giving local organic deposits 

i. Abandoned channel (channel fill): fill of channels that have been aban- 
doned or reduced in slope and depth due to reduced sediment sup- 
ply; common occurrence is in fine-grained meander belts where 
cut off takes place; shape is that of channel at time of abandon- 
ment, thicker sequence of fill adjacent to concave bank; marked 
by sand plug adjacent to active channel, remainder of channel 
filled with fines; laminated muds, may be burrowed; organics 
common 


8. Fluvial models: The four basic fluvial models outlined below represent end- 
points in a spectrum of fluvial systems; they have been synthesized from 
salient features of both modern and ancient case studies 


a. Braided stream model 


1. Setting: best developed as upstream very high bedload fluvial 
facies where slope is relatively high (though here not well pre- 
served except as parts of alluvial fans); and deposited under 
low flash-discharge conditions; local downstream facies where 
stream traverses noncohesive fill or along zone of tectonicren 
physiographic-induced slope increase (these local facies more 
likely to be preserved); prominent constituent facies in alluvial- 
fan systems 

2. Geometry of channel units: essentially flatbedded, discon- 
tinuous, lenticular, tabular; longitudinal bars commonly about 
40 feet wide, 400 feet long, tapered; units normally less than 
2 feet thick; axis of longitudinal bar parallel to flow, trans- 
verse bar normal to flow 

3. Structures: predominantly parallel bedding and tabular cross 
beds; minor trough cross beds and ripple cross laminations; 
structures of moderate scale, normally less than 2 feet; troughs 
commonly associated with debris piles and longitudinal bars; 
parallel beds flanked downstream and laterally by tabular cross 
beds, ripple cross lamination below tabulars (if sediment no 
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larger than medium sand); small troughs in upper part of 

bar. Transverse bars: chiefly tabular or planar cross beds, 
commonly of finer texture than longitudinal bars 

Composition and textures: commonly but ndinvariably coarse 
grained, very few fines or topstratum deposits accumulated 

or preserved; poorly to moderately sorted; longitudinal bar 
deposits fine and become better sorted distally 

Degree of channel scour: slight, individual channels delineated 
only by textural differences or discontinuities in structural 
trend; scour chiefly marginal to longitudinal bar when it be- 
comes emergent 

Distribution of sand facies: form multilateral sand facies; 
width/thickness of facies and individual sand units high 

Current pattern and directional features: low-sinuosity streams, 
anastamosing; entire facies elongate in direction of flow; vari- 
ance in specific directional features will depend on relative 
abundance of structural types (may be very high, up to 90°) 
Depositional units: longitudinal and transverse bars 
Associated fluvial facies: poorly developed topstratum muds 
except as local channel fill; no levee deposits; no in situ or- 
ganics preserved though longitudinal bars commonly vegetated; 
sand to mud ratio of system high 

Main distinguishing features: few stratification types, lateral 
discontinuity of individual sedimentation units; may be dominated 
by either parallel laminae or beds or tabular cross beds (as 
number of tabular cross beds increases, trough cross beds 
increase); few ripples; high sand facies, multilateral 


b. Stabilized straight (distributary) channel model 
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Setting: delta plain of high-constructive delta systems; built 
by high, continuous-discharge streams with balance of mud 
and sand for levee construction and facility for differential 
compaction; very low gradient streams, aggrading 

Geometry of channel units: elongate symmetrical channel 
sands, convex downward base, flat top; up to 300 feet thick 
and about 4 to 5 miles wide; thickness commonly due to super- 
position of multiple channel sands 

Structures: chiefly troughs with climbing ripples toward 
channel margins, few tabulars; original structures commonly 
obliterated by compactional distortion 

Sequence of structures: (base to top) (1) massive to highly 
distorted with moderate to small-scale injections and convolu- 
tions; (2) troughs of moderate to large scale; (3) troughs with 
a few tabular cross beds preserved; (4) climbing ripple cosets, 
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migration away from thalweg, transitional with levees; 

(5) laminated channel-fill muds abruptly overlying entire 
sand body (fill muds commonly burrowed). No measurable 
trend in scale of structures; abandoned channel-fill muds 
commonly scoured by reactivated distributary channel 
Composition and textures: fine to medium grained sand, 
poorly to moderately well sorted, mud clasts and wood frag- 
ments common; coarsest grained sediment confined to chan- 
nel. No definable upward fining in texture, characterized 

by vertical uniformity 

Degree of channel scour: generally slight; principal accumu- 
lation by downward accretion through subsidence and differ- 
ential compaction in high mud framework; basal contact 
marked by distortion rather than by extensive scour 
Distribution of sand facies: width/thickness ratio of sand 
body low; multistorying common due to differential compaction 
and subsidence and tendency for distributaries to reoccupy 
abandoned distributaries 

Levees: very well developed, but rarely overlying channel 
sand body or channel fill; commonly root mottled and concre- 
tionary 

Current pattern and directional features: very low sinuosity 
streams; unidirectional with relatively low variance 
Depositional units: bedload deposition, chiefly on drop of 
flood stage; channel confined and embanked without significant 
lateral migration; insignificant development of point bars 
Associated facies: well: developed levee deposits, crevasse 
deposits, and interdistributary muds with abundant in situ 
organics. Sand/mud ratio of delta-plain facies low 

Isolith pattern and regional trend: parallel or angular to 
depositional slope; distributive 

Main distinguishing features: symmetrical channel sands en- 
closed by muds with abundant bedded organics and minor sands; 
distributive pattern; uniformity in vertical sequence; flanking 
position of levee deposits; multistorying common; individual 
channel units thick; basal contortion; unidirectional trends 


Fine-grained meander belt model 
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Setting: low gradient, moderately high discharge, mixed 
load streams on aggrading alluvial plains; (under relatively 
uniform discharge sand) deltas 

Geometry of channel units: commonly multistoried; asym- 
metric channel belts, convex downward (base and cut-bank 
side of channel erosively bounded), upper part transitional; 


1.0; 


Uke 


Lee 


i. 


AMS 


Fluvial Systems 


average thickness of individual meander-belt sand unit 40 

to 80 feet, if thicker involves channel superposition; width 

5 to 10 miles, commonly less 

Structures: sands - predominantly moderate- to large-scale 
troughs, few tabular cross beds with small-scale troughs, 
some horizontal beds, abundance and variety of ripple forms; 
levee deposits (sands and silts) extensivdy root mottled and 
concretionary; overbank muds laminated to mottled; delicate 
ripple cross laminae, shallow scour and fill, some crayfish 
burrows, root mottles 

Sequence of structures: (base to top) (1) moderate- to large- 
scale troughs with basal channel lag; (2) tabular cross beds 
with minor small-scale troughs; (3) horizontal or parallel beds 
with parting lineation; (4) current ripples. Overlain by lami- 
nated muds (clay plug) of swale fill and/or mottled and con- 
cretionary levee deposits. Overbank muds laminated to mottled. 
Complete point-bar sequence commonly developed; upward 
fining in scale of sedimentary structures 

Composition and textures: chiefly fine grained sand, ranging 
from gravel at base to muds at top. High clay-pellet sand 
and plant debris in upper point bar. Upward fining of textures 
Degree of channel scour: prominent along cut-bank or steep 
side of channel unit or meander-belt unit due to lateral cutting; 
well developed basal scour 

Distribution of channel and meander-belt units: width/thick- 
ness ratio of sand body moderate; multistorying common 
Levees: moderately well developed especially above and lateral 
to steep lateral margin of meander-belt sand facies; veneers 
and overlies channel sands 

Current pattern.and directional features: moderate to very 
high sinuosity streams; average vector parallel to sand-body 
trend but with a high variance 

Depositional units: lateral erosion and accretion in a mean- 
dering stream with point bars accreted on sedimentation side 
during flood stage 

Associated fluvial facies: well developed topstratum or over- 
bank muds enclose meander-belt sand body, levee deposits 
and channel-fill muds; levee deposits overlie channel sand; 
channel fill best developed on cut-bank side of channel unit 
and commonly with abundant woody organics; coals parallel 
trend of sand body. Sand to mud ratio moderate to low 


Isolith pattern and regional trend: sand bodies roughly parallel 


to depositional slope, commonly tributary, may be distributary 


Main distinguishing features: fine grained sand associated 


with abundant muds and some organics; complete point-bar 
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sequence with troughs dominant; levees overlie channel 
sand; multistorying of meander-belt sand common; indi- 
vidual channel units moderately thick 


d. Coarse-grained meander belt model 


Le 


Setting: lower parts of moderate to high bed-load fluvial 
systems under conditions of locally higher gradient (tec- 

tonic or physiographic control) or over high sand terraces 
under lower to moderate discharge; would probably braid 

if not stabilized by vegetation 

Geometry of channel units: multilateral sand body built of 

a complex of partly preserved channel and meander-belt 
units; individual meander-belt units 10 to 25 feet thick and 

up to 5 miles wide; erosively bounded; mappable sand units 
built up of superposed and adjacent meander-belt sand bodies 
up to 200 feet thick and 30 miles wide 

Structures: chiefly moderate- to large-scale troughs and 
wedge sets; few tabular cross beds with small troughs; very 
few horizontal or parallel inclined beds; ripples confined to 
chutes and toes of wedge sets 

Sequence of structures: (base to top) (1) large troughs (chan- 
nel lag); (2) moderate troughs and tabulars with minor small 
troughs; (3) wedge sets or avalanche beds; (4) parallel inclined 
laminae with minor scour and fill and thin tabulars. No up- 
ward fining in scale of structures; in fact, avalanche structures 
commonly largest scale 

Composition and textures: fine to chiefly coarse grained sand, 
granule to fine pebble gravel common; very little mud or top- 
stratum. No upward fining in textures; coarsest grain asso- 
ciated with wedge sets and lower parts of tabulars 

Degree of channel scour: moderate 

Distribution of sand facies: width/thickness ratio of sand 
body very high; multilateral 

Current pattern and directional features: moderate sinuosity 
streams; relatively low directional variance, lower than fine- 
grained meander-belt and braided facies 

Depositional units: troughs fill in channel and adjacent con- 
vex bank by advancing sand dunes; tabulars formed by sand 
waves advancing on relatively smooth surface; wedge sets 
formed as chute-front deposits (foreset beds) of numerous 
chute cutoffs; bankfull conditions involve entire valley width 
with upper flow regime near tree line developing parallel 
laminated coarse grained units with minor trough fill and tabu- 
lars; complex accretes lacerauny 
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10. Associated fluvial facies: poorly developed or preserved 
topstratum deposits with most fines carried through the 
facies; principal topstratum deposits represented by mud 
filled with sand or not preserved; very poorly developed 
levees, stabilized by vegetation 

11. Isolith pattern and regional trend: individual channel units 
parallel to depositional slope; resultant multilateral sand 
body normal to slope 

12. Main distinguishing features: moderately coarse-grained 
sand facies with little mud; incomplete point-bar sequence 
(lower part only); abundant (up to 1/3) wedge-set cross beds; 
multilateral sand body; may include some braided-stream 
structures 


9. Mineral reservoirs: Fluvial sand facies provide potentially good reservoirs 
for oil and gas from the standpoint of primary permeability and porosity; 
structural traps commonly owing to differential compaction, especially 
in high-mud systems, and stratigraphic traps arising from irregular 
depositional topography are, in some cases, significant. Commonly, a 
principal limitation is the distance of fluvial channel sands from pdadential 
marine source beds. Many so-called channel-sand reservoirs are, in 
reality, elongate delta sand bodies. Other important mineral accumula- 
tions are a variety of placer deposits, especially base metals. Special 
ceramic clays such as kaolinites are common adjuncts. Fluvial coals 
commonly flank high-mud fluvial channel deposits. Uranium roll-front 
deposits are commonly hosted in channel-sand facies. 
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DELTA SYSTEMS -- Summary 


1. Definition: irregular coastline resulting from progradation of terrigenous 
sediments; dip fed; regardless of importance of marine facies as part 
of system, a progradational facies must be maintained and preserved 


2. Basic process: involves discharge of water with sediment load into a rela- 
tively standing body of water; interaction of fluvial and marine proc- 
esses; commonly a river emptying into an oceanic body of water 


3. Variables in delta formation 


a. Sediment input in terms of amount, caliber, rate, and variation in 
rate 

b. Nature of discharging and reservoir water bodies chiefly regarding 
relative water densities 

ec. Reservoir energy (waves, currents, tides), especially in relation 
to amount of sediment input 

d. Depth of water into which delta is prograding 

Nature of substrate of reservoir body 

f. Structural nature of depositional basin 


@ 


Most significant variable involves interaction of fluvial and marine proc- 
esses 


Constructive phase: fluvial or fluvially influenced processes dominant, 
not only in the debouching of load into reservoir body of water 
(delta-front bedload and prodelta suspended load) but in the 
development of a variety of subaerial environments on the delta 
plain (levees, distributary channels, crevasse splays, lakes, 
marshes, interdistributary floodbasins and bays); construction 
involves progradation and aggradation 


Destructive phase: marine processes dominant, chiefly reworking and 
redistribution of fluvially introduced sediments; may be re- 
stricted chiefly to abandonment of delta lobe or may be contem- 
poraneous with fluvial progradation where marine energy rela- 
tively high 


4. Delta hydrodynamics 


a. Jet theory: assumes with stream in equilibrium, amount and type of 
sediment transported is function of stream velocity; flow through 
defined orifice; exist when stream discharges into a standing body 
of water 

b. Types of jet flow: axial and plane; in axial, mixing takes place in three 
dimensions, rapid decrease in velocity, frontal boundary main- 
tains uniform angle of about 20°; in plane jet, mixing in only two 
dimensions, less marked decrease in velocity, frontal boundary 
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6. 


Delta Systems 


shows decreasing angle 


Ce. LY Pes OF TESULINg deltas: 


Hyperpyncnal inflow: inflow more dense than reservoir; caused 
by sediment load, higher salinity, colder water; discharge 
flows down side of basin as an underflow or turbidity cur- 
Pent, Diane jer 

Homopyncnal inflow: inflow equally as dense as reservoir; | 
ready mixing in three dirnensions; conditions common when 
stream empties into lake; result is a Gilbert-type delta with 
well developed top-, fore-, and bottom-set beds; axial jet 

Hypopyncnal inflow: inflow less dense than reservoir; sediment- 
laden fluid moves out over surface of reservoir; plane jet; 
small discharge gives small lunate bar, moderate to large 
discharge gives a channel-mouth bar; common to rivers emp- 
tying into sea-water reservoirs; bedload dropped at channel 
mouth, builds up bar that blocks channel, bar is breached 
marginally giving rise to distributaries; suspended load car- 
ried seaward, but most dropped within 15 miles of channel 


mouth 
Basic delta types: 


High-constructive systems: formed by progradation of large streams 
with large sediment load, commonly low bedload/suspended load 


ratio; progradational and aggradational facies make up bulk of 
system, formed chiefly through fluvial or fluvially influenced 
processes; little contemporaneous marine influence during active 
progradation, restricted chiefly to destructional phase on aban- 
donment of delta lobe; marine destructional facies form volu- 
metrically slight amount of total accumulation 
Divided into high-constructive lobate and high-constructive 
elongate, depending on geometry of prograded delta facies 
High-destructive systems: formed by progradation of relative small 
streams with moderate, commonly high bedload/suspended load 
ratio; marine processes dominant to fluvial processes; fluvially 
introduced sediments reworked and redistrbuted contemporaneous 
with active progradation; marine or destructive-type facies form 
volumetrically large amount of total accumulation 
Divided into high-destructive wave dominated and high-destructive 
tide dominated, depending on principal marine process 


Holocene examples: 


High-constructive lobate: Lafourche, Teche, and St. Bernard deltas of 
Mississippi system 
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High-constructive elongate: Modern delta of Mississippi system; most 
small bayhead deltas 

High-destructive wave dominated: Rhone, Po, Nile, Apalachicola, 
Surinam, Tabasco systemis 


High-destructive tide dominated: Mekong, Gulf of Papua, Irrawaddy, 
Yalu, Gulf of Cambay, Frazier 


7. Principal delta environments and facies: 


Constructive environments and facies: all show direct or indirect 
fluvial influence; involve progradation and aggradation; variety 
depends on basic type of delta; high-constructive deltas with 
greatest volume and variety; divided into framework elements 
(primarily sand facies, higher energy in system, form skeletal 
framework) and nonframework elements (chiefly mud and bedded 
organics, progradational off delta, aggradational on delta) 

Framework elements: include fluvial channel and associated levee and 
delta front 

Channel: in high-constructive deltas, commonly distributary or straight 
channel type; in high-destructive deltas, chiefly fine-grained 
meander-belt type (see fluvial summary) 

Subaerial levee: best developed along straight distributary channels of 
high-constructive systems; formed by overbanking; height and 
extent owed to size of channel, flood heights, and suspended load; 
subaerial except during flood, well drained, vegetated, root 
mottling destroys primary sedimentary structures; asymmetrical, 
perpendicular to channel, crest adjacent to bank, outer margins 
grade to floodbasin; forms downdelta wedge, decreasing in height, 
thickness, and width; fine grained sediments, calcareous and 
ferruginous nodules common; in straight distributary will flank 
channel deposits, in meander-belt sands will overlie channel de- 
posits 

Delta front: represents coarse sediments associated with delta advance, 
high sand; formed by drop of bedload on stream debouchment; 
relative abundance of this unit in delta systems as well as its 
external geometry essentially define different delta types; 
divided into following subunits: 

Distributary-mouth bar: bar formed at immediate mouth of 
debouching stream; builds up as a shoal, breached marginally to 
give distributaries; may be scoured by flood currents; frontal face 
winnowed by wave action; sediments are clean sands with carbon- 
aceous detritus, multidirectional cross bedding mostly troughs, 
oscillation and current ripples; log pattern inverted Xmas tree 

Slope and distal delta front: seaward bar slopes, sands fine 
and drop out and grade to prodelta muds; bar slope 1° to 2°; 
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structures mostly small to moderate troughs, current ripples, 
and parallel laminations; some burrowing 

Subaqueous levee: continuation of subaerial levees beyond 
marsh line; mostly sand and silt, local laminations of plant 
debris and clay; current structures dominant with some win- 
nowing during low river stages 

Sheet sands: delta-front sand units vary from elongate to 
lobate in geometry; this is a function of relative amount of 
marine redistribution as well as number of distributary-mouth 
bars; reworking by marine processes gives sheet sands that 
coalesce the bars, giving the lobate delta-front sand facies 

Nonframework units: above framework sand units form skeleton of delta, 
flesh of delta built of variety of sand, mud, and organic deposits; 
occur seaward of delta front as prodelta (progradational) and on 
delta as delta-plain facies (aggradational units including flood- 
basin, interdistributary bay, crevasse splay, marshes, swamps, 
lakes, abandoned channel fill), 

Prodelta: form off river mouths seaward of delta front; mostly 
fines from suspension; initial progradation unit in basin; fluvially 
influenced but entirely below sea level (mostly at depths greater 
than 90 feet); most homogeneous and commonly widespread of all 
delta facies in high-constructive types thickest unit; mostly laminated 
either texturally or in color; dark muds, highly organic in high- 
constructive systems; deposited as high-water muds, sand units 
prograding these muds commonly show diapiric, compactional, 
and gas-heave structures; prolific source beds in high-constructive 
systems 

Delta plain: well developed facies in high-constructive systems 
with great variety of environmental types; represent aggradation 
primarily between active channels or as fill of abandoned channels; 
geometry not defining, must use specific biologic, lithologic, and 
structural criteria along with facies association; mainly mud and 
organic facies 

Abandoned channel: distributary channels commonly abandoned 
by avulsion, former channel plugged; further deposition from over- 
bank suspension; result is long ribbon of mud abruptly overlying 
channel sands; mostly laminated but may be burrowed; organics 
may be common 

Marsh and swamp: important environments in high-constructive 
systems, giving characteristic peats, lignites, coals; broad area 
constructed chiefly of muds at nearly sea level; organic growth in 
place with compactional subsidence leads to significant organics; 
zoned, swamps in upper part of delta plain, fresh-water marshes 
distal to swamps and flanking active streams; brackish marshes 
distal from fresh-water marshes, salt marshes along distal parts 
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of delta plain; brackish marshes yield purest and thickest or- 
ganics, away from terrigenous contamination near streams and 
marine destruction along distal parts of delta plain; organics 
local, between channels during active stage, may cover as 
areally extensive blanket deposits during delta-plain abandonment; 
may be broad in extent in high-destructive systems (e.g., tidal 
mangroves) but not significant in accumulation 

Interdistributary bay: situated in distal parts of delta, be- 
tween distributaries and at least partly connected to open sea; 
generally short lived; fine grained sediments, commonly fos- 
siliferous and burrowed 

Lakes: standing bodies of fresh water that form extensively 
between active distributaries and especially on delta abandonment; 
accumulation chiefly muds, may be burrowed; commonly infilled 
with Gilbert-type deltas 

Crevasse splay: major source of coarse-textured, nonchannel 
deposits in delta plain; form from breach in main channel during 
flood, some bedload sediment carried through breach across levee 
and into flanking bay or floodbasin 

Floodbasin: generally result in ponding flanking marshes during 
overflow of flood; chiefly source of mud deposition on delta plain; 
commonly laminated muds, may be burrowed or root mottled, 
alternate commonly with fresh-water marshes or swamp deposits 

Destructive environments and facies: formed exclusively from marine 

processes, reworking of fluvially introduced sediments, in high- 
constructive systems chiefly temporally distinct, forming on 
delta abandonment; in vertical sequence a thin but areally ex- 
tensive tract of facies alternating with thick constructive facies; in 
high-destructive systems may form the bulk of delta facies 

Coastal barriers and delta-margin islands: in high-destructive 
wave-dominated systems, sands dropped at channel mouth are 
chiefly reworked by waves and thrown up as a series of coastal 
sand barriers distal to delta plain; these accrete seaward as a 
series of more or less cuspate sand ridges, contemporaneous with 
active progradation; on abandonment reworking continues until 
entire delta is foundered; in high-constructive systems, marine 
reworking becomes dominant only on delta abandonment; a series 
of arcuate barriers or delta-margin islands are thrown up by re- 
working of underlying sandy delta-front deposits, these will trans- 
gress landward as delta founders 

Tidal sand bars: in high-destructive tide-dominated systems, 
bedload dropped by debouching rivers is reworked and redistributed 
by flood and ebb tidal currents, giving a series of elongate sand bars 
radiating from river mouth 
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Bay, sound, and lagoon: in wave-dominated systems narrow, 
elongate bays and lagoons form between accreting sand ridges; 
landward of these ridges coastal marine basins are common, 
these having some connection with the open sea; in destructive 


phase of high-constructive systems, sounds and bays form land- 
ward of the delta-margin islands; not significant in tide-dominated 


systems 
Shelf: 


in destructive phase of high-constructive systems and 


seaward of high-destructive systems in all stages, little terrig- 
enous sedimentation occurs; deposits are extensively burrowed 


and may carry abundant fossils 
in destructive phase of high-constructive sys- 


Inland facies: 


tems, inland areas of abandoned delta lobes are marked by ex- 
tensive marshes, swamps, and lakes; delta plain of high-destructive 
tide-dominated systems are commonly occupied by mangroves or, 
in their absence, by tidal flats; in destructive phase of wave-dom- 
inated systems, inland parts of the delta lobe may be extensively 


embayed 


Salient features of high-constructive and high-destructive delta systems 


High-constructive delta systems 


Ge 


High-destructive delta systems 


Source: distant, inland, continental 1. Source: local, basin margin; order 

interior; on order of 2,000 miles; flu- of 200 miles; fluvial system and 

vial system and facies concentrated facies relatively uniformly de- 

along edge of depositional basin; veloped along edge of depositional 

streams heading delta system mean- basin; streams heading delta system 

dering meandering and braiding 

Sediment input: high volume and more 2. Sediment input: moderate volume 

or less continuous rate of input; dis- and sporadic rate of input; con- 

tinct phases of construction and destruc- structional and destructional phases 

tion; pronounced coastal progradation interrelated and not vertically dis- 
tinct; slight to moderate coastal pro- 
gradation 

Constructional facies: well-developed 3. Constructional facies: constructional 


and extensive constructional sequences 
(progradational and aggradational); 

thick delta-plain deposits; numerous lig- 
nites, peats, Or Coals; distrioutrary 
channels chiefly straight and bounded by 
well-developed levees 


sequences local and areally restricted; 
in situ carbonaceous deposits not well 
developed; distributary channels gen- 
erally of meander-belt type 
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4. Destructional facies: marine de- 4. Destructional facies: extensive, de- 
struction commonly restricted to veloped contemporaneously with 
distal part of constructed delta mass; construction; marine transgressions 
landward destruction marked by ex- commonly far inland with extensive 
tensive peat or marsh deposits; tem- shallow embayments; commonly as- 
porally and vertically distinct from con- sociated with nondeltaic (strand- 
structional facies; relatively low propor- plain, coastal barrier) systems; high 
tion of destructional sediments in delta proportion of marine reworked sedi- 
system ments in delta systems 


5. Associated systems: commonly large- 5. Associated systems: generally cannot 


scale, laterally associated (down long- support large-scale laterally asso- 
shore drift), and principally including ciated depositional systems; local 

strandplain, barrier-bar, and lagoonal barrier-bar and strandplain facies 

systems included in delta system 


6. Delta-flank systems: well developed as 6. Delta-flank systems: poorly developed 


independent systems as independent systems 


7. Prodelta: thick, commonly the thickest i. Prodelta: relatively thin, generally 
facies of delta system no thicker than other delta facies 
and commonly indistiaguishable 
from nondeltaic shelf muds 


8. Shape: lobate to elongate; main axes 8. Shape: chevron to cuspate with axes 
perpendicular to regional depositional subparallel as well as perpendicular 
strike; numerous lobes to regional depositional strike; few 

lobes 


9. Sand/mud ratio: commonly low, results 9. Sand/mud ratio: relatively high; dis- 


in common differ ential-compaction fea- tributaries commonly not well sta- 
tures; mud diapirs; stabilization of dis- bilized; muddy aggradational deposits 
tributaries with prominent levee develop- not well developed as part of delta- 
ment plain facies 


9. Mineral resources: Delta systems and component facies are the principal 
oil and gas reservoirs in clastic-filled basins, representing perhaps 
nearly 80% of all production from these basins. (1) Deltas make up 
large volumes of thick and areally extensive sands providing potential 
reservoirs. (2) Deltas have high in situ organic productivity contributing 
to potential source beds. (3) Deltas are characterized by rapid and large- 
volume deposition, which emphasizes structural features and differential 
compactional subsidence as potential traps; stratigraphic variations in 
sands result in potential stratigraphic traps. (4) Deltas result in juxta- 
position of facies with contrasting formation waters coupled with rapid 
deposition of high water-content muds that together provide requisite 
geochemical facies and gradients for hydrocarbon conversion and hydro- 
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dynamic conditions effective in migration of sediment hydrocarbons. 

Most of the world's important coal measures are component 
facies of high-constructive delta systems, with principal accumulation 
in delta-plain facies. Geochemical gradients significant in hydrocarbon 
conversion appear also to be important in mineralization of a wide host 
of base metals. 
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BARRIER-BAR SYSTEMS -- Summary 


1. Definition: Barrier-bar systems develop under wave-dominated conditions 
with local or extensive strike reworking and redistribution of sediments. 
May develop as independent depositional systems or as component parts 
of other systems. Internal geometry of sands (varying mostly with de- 
gree of inlet shifting) and lateral facies tracts are similar. Significant 
differences occur in external geometry, areal and volume extent, and 
vertical facies association. 


peeeeasic types of barrier bars 


a. Destructional, in situ reworked sands in high-constructive deltas 

b. Relict and in situ reworked sands of high-destructive deltas 

c. Principal component facies in high-destructive, wave-dominated 
deltas 

d. Independent depositional systems developed along strike of feeding 
fluvial system or major delta systems 


3. Facies assemblages of barrier-bar systems 


a. Shoreface facies: developed on the seaward side of the barrier and 
influenced primarily by waves and longshore currents 

b. Tidal inlet-influenced facies: developed in vicinity of tidal channels; 
processes include tidal currents, waves, and longshore currents 

c. Barrier bar-lagoonal transition facies: developed on back side of 
barrier; depending on local conditions, wind-transported sand, 
clay deposition from suspension, and biogenic activity such as 
root mottling may predominate; includes such features as 
washover fans 


4. Shoreface facies 


a. Vertical sequence: coarsens upward; sedimentary structures mottled 
or burrowed at base or lower shoreface; overlain by ripples and 
disrupted laminae, festoon or trough crossbedding; complete se- 
quence capped by low-angle cross or parallel laminae of beach 
deposits 

b. Boundary relationships: overlies shelf muds or older deposits; contact 
with shelf muds generally transitional but may be sharp, depending 
mostly on rate of accumulation; facies grade laterally to shelf 
deposits and back barrier-lagoonal deposits 

c. Geomery: very persistent along depositional strike; narrow to re- 
gional extent along dip (blanket sands); geometry dependent upon 
relationship of sediment supply to rate of subsidence and sea- 
level fluctuations 
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5. Tidal inlet-influenced facies: Complexity of facies relationships is much 
greater in vicinity of tidal inlets than along other reaches of the barrier 
Dart five major facies may be associated with inlets 


Seaside tidal deltas (ebb deltas) 

Lagoon- side tidal deltas (flood deltas) 

Channel-lag deposits 

Channel-fill deposits in abandoned tidal channels 

Accretionary units deposited by shifting and migrating tidal channels 
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Axis of barrier bar may be offset, especially if tidal currents are strong 


6. Barrier bar-lagoon transition: A variety of facies develop locally on the back 
side of barrier bars; they depend chiefly on climate and setting of barrier- 
bar systems; back side of barrier may be characterized by marshlands, 
extensive wind-tidal flats, washover fans, tidal deltas, etc. 


7. Barrier-bar models and principal characteristics: 


a. Destructional sands, high-constructive delta systems 


Modern examples: Chandeleur Islands, Grand Isle, Timbalier 
Island, Isles Dernieres 

Sand source: primarily in situ, reworked from underlying 
constructive delta-front sands; availability of sand limited 
as source founders 

Geometry: crescent in plan; inherits shape from that of under- 
lying delta front 

Inlets: relatively few; fairly stable due to lower energy and 
limited amount of sand to prevent shifting and healing 

Facies tract: inland to seaward: marsh and swamp of aban- 
doned delta plain, bay or, commonly, open sound (barrier 
discontinuous and restriction only partial), low-relief bar- 
Lictbatlor delta-margin sand, open shelf muds 

Vertical facies sequence: generally underlain and overlain by 
high-constructive deltaic sequences 

Areal extent and thickness: thin, form volumetrically insig- 
nificant part of delta system, laterally discontinuous; 
locally destructive sand of one delta lobe may overlap those 
of an earlier lobe; form relatively narrow belt as inland 
transgression limited by sand source 


b. Destructional or relict sands, high-destructive delta systems 


Modern examples: outer banks of U. S. Carolina coast; Dog 
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Island, St. George Island, and St. Joseph Island of Apala- 
chicola area; barriers of German and Netherlands coast 

Sand source: primarily in situ, reworking from underlying 
sands of high-destructive delta system with minor amount 
reworked along strike by longshore drift; sand source fairly 
limited 

Geometry: arcuate to cuspate in plan, shape mostly inherited 
from distribution of underlying cuspate high-destructive delta 
system 

Inlets: numerous due to relatively high marine energy (waves 
and tides); fairly stable due to limited longshore-drifted 
sand for healing and shifting 

Facies tract: inland to seaward; extensive, shallow sound or 
embayment inundating large area of underlying high-destructive 
delta system, or tidal flat where tides are important, low- 
relief barrier bar built up of relict sands, open-shelf marine 
muds 

Vertical facies sequence: overlies areally extensive sheet sands 
built up of strandplain and coastal barrier sands of high- 
destructive delta; embayment muds overlie similar sequence; 
distinguished from underlying and overlying units by inland 
relationship with extensive embayment muds 

Areal extent and thickness: relatively thin and volumetrically 
insignificant; persistent along strike though broken by several 
small inlets, little offset at inlets 


c. Coastal barriers (component facies) of high-destructive delta system 


Modern examples: coastal barriers of Nile, Po, and Rhone deltas, 
U. S. Georgia coast; Tabasco Coast 

‘Sand _ source: local channels and channel-mouth bars forming axis 
of high-destructive delta systems, reworked and laterally 
drifted by waves and longshore currents marginal to channel 
mouth; source of sand abundant and relatively continuwus 

Geometry: cuspate to arcuate in plan, thrown up marginal to 
channel mouth; may be symmetrical in relation to channel 
mouth or may be better developed on downcurrent side if 
longshore drift significant 

Inlets: generally highly shifting due to abundant and continuous 
source of sand for healing; resulting internal structure may 
owe largely from lateral accretion in downcurrent shifting 
inlet; inlets may be deep. Provide abundant source of sedi- 
ment to inland lagoon or bay so that these may become filled 
and emergent 

Facies tract: (inland to seaward) relatively narrow and elongate 
lagoon, intermittently emergent and filled; broad barrier 
commonly with wide and gently sloping shoreface, open shelf 
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marked by local prograded tidal deltas seaward of inlets 

Areal extent and thickness: forms relatively thick (30 to 100 
feet), sheet sand marked by longitudinal axes of thicks and 
thins as coastal barriers accrete seaward with high-destruc- 
tive delta progradation 


d. Independent barrier-bar systems laterally associated with large delta 


systems 


Modern example: Texas coast barrier islands 

Sand source: moderately abundant and relatively continuous, 
derived along strike from prograded large delta systems 
and carried by longshore drift up to a few hundred miles 

Geometry: markedly straight and parallel to depositional strike 
over long distances; offset only at inlets with seaward offset 
on downcurrent side of inlet 

Inlets: relatively few, generally stable and non shifting 

Facies tract: (inland to seaward) well-developed lagoonal facies, 
low- to moderately high-relief barrier bar, shoreface extend- 
ing to water depths of about 30 feet, open shelf muds 

Areal extent and thickness: forms relatively thick (up to 150 feet), 
lens- shaped sand bodies elongate with depositional strike; 
tend to persist with large-volume sediment source and form 
independent system; in tectonically unstable basin, several 
bars may be stacked, resulting in systems up to 1,000 feet 
thick; in more stable basins may form nearly sheet or tabular 
transgressive and regressive wedges 


8. Mineral reservoirs: Barrier-bar sands and associated facies such as tidal 
deltas and washover fans constitute the principal stratigraphic type of 
reservoirs for oil and gas. With combined structural features the down- 
dip or seaward side of barrier bars is productive, but most commonly 
the updip point of pinchout into lagoonal muds provides the stratigraphic 
entrapment. 
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STRANDPLAIN SYSTEMS -- Summary 


1. Definition: Strandplains are prograding coastal areas. This progradation is 
due to a sediment's being transported along the strand by longshore cur- 
rents. Barrier islands are distinguished from strandplains primarily 
by the presence of lagoonal facies. It should be stressed that a complete 
gradation exists from high-destructional deltas through strandplains to 
barrier islands. As such it is impossible to distinguish between these 
three models on the basis of such criteria as vertical sequences. Geom- 
etry of the framework sands and the associated facies would be necessary 
to separate these systems. 


2. Processes: The most important processes to consider in strandplain systems 
are those associated with beaches and shorefaces. These are wave ac- 
tion and longshore currents generated by the refraction of waves. Since 
the intensity of both of these processes is greatest in shallow water, es- 
pecially within the surf zone, the beach-shoreface is characterized by an 
upward coarsening of sediments. 

Other processes that are important in strandplains are storms, 
which construct beach ridges and washovers, and organic processes such 
as the modification of sedimentary structures and the accumulation of 
peat in association with marsh vegetation. 

Eolian processes may also be significant, especially in arid re- 
gions. 


3. Principal facies: The most important strandplain facies are beach, shoreface, 
marsh, and, in some cases, mudflats and marsh ponds. The shoreface 
is characteristically burrowed muddy sands and silts at the base, grading 
upward into clean sands with a variety of primary sedimentary structures. 
Wave-generated ripples and trough crossbedding are common. The over- 
lying beach is generally characterized by low-angle cross- stratification 
and parallel laminations. Burrows are relatively uncommon, with primary 
sedimentary structures predominant. 

The marsh facies is characterized by fine grained sediments 
(muds and silts) that are root mottled and oxidized. Peats may also be 
formed; however, thicknesses are significantly less than peats associated 
with delta-plain swamps and marshes. Marsh ponds may be burrowed, 
contain algal mats and even small mussel banks or oyster reefs. 


4. Variations in drandplains: Strandplains tend to form relatively thin, tabular 
units that parallel the paleostrandline of a basin. Many strandplains are 
associated with and located on the flanks of deltaic systems. 

The sand/mud ratio of strandplains may be quite variable. The 
factors influencing this variation are rate of sediment supply, wave and 
tidal-current intensity. Strandplains with very high mud contents may de- 
velop adjacent to deltas in areas of low wave energy and rapid sediment 
accumulation. The Chenier Plain of southwestern Louisiana is character- 
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Strandplain Systems 


ized by an alternation of sandy beach ridges and intervening muddy 
marshes. This facies pattern reflects changes in sediment supply 

due to the complex history of the Mississippi Delta. Strandplains 

that are primarily composed of accreting shoreface deposits are 

most commonly associated with high-destructional deltas. Examples 
of the latter type are found along the coast of Surinam and near Mazat- 
lan, Mexico. 


5. Mineral reservoirs: Like barrier-bar sands, strike-oriented strandplain 
sands provide excellent stratigraphic traps for oil and gas; entrapment 
is almost exclusively on the updip pinchout of strandplain sands; down- 
dip or seaward sides of strandplain sands are significantly less pro- 
ductive unless associated with local early-developed structural closure. 
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BAY-LAGOON- ESTUARINE SYSTEMS -- Summary 


l. Definition: A distinction is made between bays and lagoons along the Texas 
coast. Bays represent the lower reaches of drowned valleys and as such 
have their long axis at a high angle to the strand. Lagoons, on the other 
hand, are bodies of water trapped behind barrier islands and therefore 
have their long axis parallel to the strandline. This distinction is justified 
on the basis of differences in genesis and in the processes filling them. 


2. Processes: Both bays and lagoons are shallow, semi-enclosed bodies of water. 
The effect of marine processes such as waves is greatly diminished by 
the buffering of the associated barriers. These processes, especially 
waves and tidal currents, still play an important role in modifying sedi- 
ment characteristics and are most important in the vicinity of inlets. 

Processes associated with storms are also important, especially 
near inlets or storm-formed breaches in the barrier. Storms may also 
generate waves that erode the shoreline and result in the deposition of 
sandy beaches. 

Deltaic processes are associated with the rivers that flow into 
the bays. The most common type of deltas formed in bays are high-con- 
structive bayhead deltas, although fan deltas or other variants may form 
under suitable conditions. 

Due to the relatively low rates of terrigenous sediment influx 
in some lagoons and bays, organic processes may be quite significant. 
Oysters and other forms may develop significant reefs in these coastal 
waters. 

Several other processes such as eolian transportation of sands 
from the barrier dunes or evaporation in restricted bays may be important 
locally. 


3. Principal facies: To discuss the variations in lagoonal and bay facies it is 
convenient to contrast a relatively open bay with a more restricted bay 
or lagoon. The ''open bay'' has a river flowing into it forming a bayhead 
delta. The bay-center facies would consist of pro-delta muds, and in 
areas of favorable environmental conditions oyster reefs might develop 
with muddy inter-reef facies. 

Sands would be restricted to the bayhead delta, thin marginal 
shoreface and beach sands, and near tidal inlets. 

Large flood-tidal deltas may be encountered. Washover fans 
may also be developed near breaches in the barrier island. These wash- 
over sands overlie the fine-grained lagoonal or bay muds and form a 
lobate body that thickens toward the barrier. In contrast, a restricted bay 
or lagoon having no permanent inflow of fresh water and little exchange 
with the open ocean would have quite different facies. Such a ''restricted 
bay'' would lack a bayhead delta. If the bay were hypersaline, the numbers 
and diversity of benthonic organisms would be greatly reduced. The bay- 
center facies would consist predominantly of laminated muds in contrast 
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to the reef or burrowed, fossiliferous inter-reef muds in more open 
bays. If evaporation rates were sufficiently high, gypsum, halite, and 
other evaporites might accumulate in salt pans around the margin of a 
"restricted bay." 

Washover fans and windblown sands might make up a significant 
proportion of the lagoonal fill in restricted lagoons, especially due to the 
low rate of sediment supply from other sources. 


4. Mineral reservoirs: Bay-lagoon-estuarine systems are generally poor res- 
ervoirs for oil and gas, due to the lack of permeable sand bodies; some 
production occurs from small bayhead deltas, generally the only sands 
within the systems. The importance of these systems is the mud seal 
and updip trap they form for barrier-bar and strandplain sands. 
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TERRIGENOUS SHELF SYSTEMS -- Summary 


l. Definition of terms 


a. Structural shelf, physiographic shelf, and shelf environment and 
processes: a clear distinction needs to be made between these 


terms. 


Structural shelf: A term used to denote a stable tectonic 
element or platform along the margin of a basin. Commonly 
used in conjunction with intracratonic basins, especially of 
Paleozoic age. 


Physiographic shelf: a term that refers to the submarine 
terrace along coastlines that is inclined gently and uniformly 
seaward to a depth of about 400 feet. Many Modern shelves 
are underlain by Pleistocene paralic (nearshore) or glacial 
deposits and were submerged by post-glacial sea level rise. 
Same as continental shelf. 


Shelf environment and processes: a term that refers to the 
physical, chemical, and biological environments on the physio- 


graphic or continental shelf; shelf processes are those that are 
in equilibrium with the shelf environment. For example, many 
sediments on Modern shelf areas are relict and were not 
deposited by processes in equilibrium with the present shelf 
environment. 


b. Continental shelf: shallow submerged platform bordering continents; 
slopes gently seaward to average depth of 400 feet; average width, 
75 km; average slope, 0. fie 


c. Continental slope: steeper slope below shelf break; 20 to 100 km wide; 
average slope, 4°, extends to varying depths where change in 
gradient occurs; range of 1.5 to 3.5 km; marks structural edge 
of continent 


d. Continental rise: built up of fairly gently sloping fan of sediments 
lapping up foot of slope, may extend seaward several hundreds 


of miles over ocean floor; width up to 600 km, less than 1? slope 


e. Abyssal plain: ocean basin floor 
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2. Types of shelf sediments 


a. Biogenic or organic sediments: calcareous skeletal debris, dominant 
in low latitudes on western sides of oceans where water temperatures 
are high; organic siliceous sediments most abundant at high latitudes 
on western sides of oceans in areas of cold currents, volumetrically 
not important 


b. Authigenic sediments: mainly phosphorite and glauconite; most abundant 
on modern shelves isolated from sources of other sediment types; 
phosphorite typical of upwelling areas, mostly at mid latitudes on 
east sides of oceans 


c. Terrigenous sediments: cover most of modern shelves; most of water- 
contributed origin; include sediments currently being deposited in 
equilibrium with existing shelf processes and relict sediments laid 
down at different sea levels and presently out of equilibrium with 
shelf processes 


3. Continental shelf construction 


a. Fault-block dams: fault scarp serves as dam to trap sediment brought 
in; best shown on modern shelves in circum-Pacific belt, very young, 
narrow shelves; post-tectonic sediments thin, so that fault topography 
clearly shown in seismic profiling 


b. Organic reef dams: coral or calcareous algae reefs may form dams 
as effective as tectonic dams in trapping sediment; largest example 
is Great Barrier Reef 


c. Diapir dams: most of shelf off Louisiana and Texas interrupted by 
diapirs of deep-lying Louann Salt; penetrates thick sequence of 
strata and even rises above surface of shelf; detrital sediments in 
basins between diapirs show slumps, indicating discontinuous 
movement of diapirs; diapirs become elongate ridges along much 
of Mexican shelf 


d. Deposition at grade: presumably developed or constructed in absence 
of any sort of dam; profiles show thick section of sediments under- 
lying both shelf and slope that show general conformity of bedding 
with present shelf surface; principal origin of these kinds of shelves 
related to prodelta progradation and thick accumulation of mud on shelf 


e. Wave-eroded shelf: some shelves formed mainly by simple wave 
erosion of strata that are much older than the date of erosion; 


shelf surfaces cut across folded and faulted rocks and igneous 
intrusions; special category is ice-eroded shelf 
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4, Sediment character of modern shelves: extensive surface sampling of 
modern shelves shows about 70% of the sediments are relict, that is, 
out of equilibrium with normal shelf processes; these recognized by 
the following features: 


a. Coarse sediments lying seaward of and deeper than finer, less 
well sorted sands 

b. Staining of grains 

c. Glacial sediments common on shelves not now receiving glacial 
sediments 

d. Fresh-water and salt-marsh peats from deep parts of many shelves; 
submerged soils 

e. Radiocarbon dates show older rocks over wide areas of all shelves 

f. Shallow-water faunas 


5. Concept of a graded shelf versus the concept of relict continental terraces: 
These opposing ideas concern the importance (or unimportance) of 
terrigenous clastic deposition in equilibrium with shelf environments. 
The concept of a graded shelf proposes that, given sufficient time, 
significant shelf deposition will occur and that these deposits will grade 
seaward from coarse to fine along a profile of equilibrium determined 
by average depth of wave base. The concept of a relict continental terrace 
proposes that true clastic shelf deposition is rare and that continental 
shelf areas are underlain principally by relict paralic sediments. 
According to this theory, continental margins are prograded by slope 
deposits periodically eroded from paralic facies, rather than by 
contemporaneous graded shelf and slope sedimentation. 


6. Shelf processes: Not much known of shelf processes, especially depositional 
processes; available information (sampling, coring, bottom drifters, 
continuous acoustic profiling) suggests that Modern terrigenous shelf 
systems are chiefly nondepositional; exceptions of significance include 
only shelf areas off high-constructive type deltas and high-energy, 
commonly tide-dominated shelves where currents are sufficient to 
pick up, transport, and redeposit bottom sediments; those contending 
that the terrigenous shelf is an active depositional system hold that 
recent sea-level rise has put the present shelf out of equilibrium and 
the normal neritic shelf progradation has not had time to blanket modern 
shelves; proponents of significant deposition in equilibrium with shelf 
environments point to several examples where oceanic currents and 
winds may combine to produce waves sufficient to transport some clastic 
sediment within the shelf environment. 
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7. Outline of shelf processes affecting deposits 


Constructive processes 


a. Suspension deposition 

1, Off deltas: technically a part of the delta system but does, 
of course, prograde the shelf 

2. Storm ebbs (involve some traction load) 

3, Rare wave-generated currents on very narrow shelf areas 
exposed to open ocean currents and waves 

4, Normal wave and current activity (longshore convergence 
at grade); large volume of sediment is transported inshore 
along the shoreface by longshore drift, but this transport- 
depositional mode is not in equilibrium with shelf environ- 
ments. 

5. Turbidity currents, density underflows, channel infilling 
(chiefly traction and mostly involved shelf by-passing) 


b. Traction deposition (mostly tide-dominated shelves) 
1. Tidal current sand ridges; example, North Sea 
2. Sand-wave bodies on shelf shoals and banks 
3. Sand swells; may involve little transport 
4, Rare wave-generated currents along narrow shelves that 
are exposed to unusual oceanic fetch and major current 
systems 


Destructive processes 


a. Bioturbation (addition of biogenic and chemical sediments to 
terrigenous shelves) 


b. Winnowing and reworking (chiefly in situ, no significant transport 
and no significant formation of distinct geometries) 


c. Bypassing 
8. Proposed shelf depositional models 


a. Tide-dominated shelf: shelf areas characterized by tidal currents 
that are sufficient to unmix relict paralic or glacial deposits and 
transport sediment to depositional sites in equilibrium with the shelf 
environment. Occur in unique hydrographic settings where tide is 
funneled through narrow passes or channels (i.e., North Sea, 
Gulf of Korea) or off high destructive, tide dominated deltas 
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(i.e., Irrawaddy, Mekong) where river sediment is supplied 
directly to high energy shelf system. Facies are principally 
migrating elongate tidal sand bars with interbar lag deposits; 
bars are parallel or subparallel to current direction. Sand 
waves may occur in shallower areas; silt and mud is carried 
to lower energy areas distal to principal tidal currents. Tidal 
ranges up to 20 feet are common and currents typically reach 
2 knots velocity. These shelves have not been recognized in 
ancient basins. 


b. Wave-dominated shelf: very rare today and their importance in 
ancient basins is highly controversial. Some Modern examples 
include narrow shelves along tectonically active continental 
margins interfacing with extremely high energy, open ocean 
currents and waves. Fortuitous combination of waves and 
currents, such as in Monterey Bay, California, parts of Gulf of 
Alaska, and Bering Sea, may provide sufficient energy to move 
clastic sediment seaward across shelf, resulting ina graded 
shelf deposit. Resulting facies are thin, sheetlike units that 
veneer underlying relict paralic or glacial sediments. Considerable 
doubt exists as to validity of proposed ancient examples. 


c. Biogenic shelf: relict or essentially nondepositional shelf. Very thin, 
blanket mud deposit that is highly burrowed and covers relict 
paralic sediments. Sediment is dominantly shell, fecal pellets, 
glauconite, or phosphorites. Examples include most Modern 
continental shelves. Ancient example are common; occur as 
thin, widespread, fossiliferous units within thick, unfossiliferous 
Glas tics: 


d. Carbonate shelf: total absence of terrigenous clastic source (relict 
or river supplied). May be associated with a sediment-starved 
slope system deriving carbonate turbidites from erosion of shelf-edge. 
West Florida shelf is a Modern example; structurally stable platform, 
such as Bahama area is, in part, a tide and locally wave-dominated 
carbonate shelf environment. Ancient examples include most 
subtidal carbonate facies. 


9. Recognition of ancient shelf deposits: (Depositional, that is, accumulating 
through shelf processes, not structural shelf, which may include a 
variety of depositional systems) 
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a. Addition of significant biogenic-chemical elements: resulting in 
fossiliferous sediments, commonly even with diverse fauna; 
bioturbation extensive; glauconite and phosphorite in small 
amounts; as a shelf becomes a carbonate shelf, these features 
become dominant; significant is the relatively slow rate of. 
sedimentation relative to nonterrigenous or in situ processes 


b. Areal extent: thin, persistent muds, commonly silt-free, showing 
the above biogenic features 


c. Shelf sands: on high-energy shelves, particularly tide-dominated 
shelves, currents may be capable of forming distinct sand bodies 
(e.g., tidal-current sand ridges of the North Sea shelf); possible 
sheet sands may develop on high-energy shelves in areas of 
tidal-current interferences (e.g., Texel Spur in North Sea); 
these processes involve reworking and transport of sands already 
on shelf and inherited from earlier paralic deposition 


d. Fundamental problem of shelf sands is mechanism for getting sands 
away from shore systems and onto shelf; only mechanisms known 
today for significant transport away from shore are via turbidity 
currents and density underflows; these restricted to submarine 
canyons and further by-pass the shelf with deposition primarily 
on continental rise; many ancient sands interpreted as shelf sands; 
these include mainly mature, well sorted, sheet sands; study of 
many of these sands shows trends expected in a variety of paralic 
systems and not accumulation on continental shelves. Many thick 
paralic clastic deposits have been interpreted to represent neritic 
or shelf deposition because thin, intercalated fossiliferous beds of 
widespread extent contain fossils indicating up to 600 feet water 
depth; such sequences are actually paralic (deltaic, barrier, etc. ) 
facies that were occasionally transgressed by shelf environments. 


10, Mineral reservoirs: Terrigenous continental shelf systems and component 
facies are rarely productive of oil and gas, chiefly because of the paucity 
of such deposits in the geologic record. Many so-called ''shelf'' sands 
are highly productive, but these, in reality, belong to some other depo- 
sitional system and are not a part of terrigenous shelf systems. Under 
conditions of carbonate deposition, shelf deposits are major oil and gas 
reservoirs. Their significance is largely restricted to providing a seal 
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to underlying sand facies. Such shelf sands as those currently being 
formed under high tidal influence in the North Sea would provide 
potential reservoirs, but ancient examples of such sand bodies have not 
been documented. With continued offshore drilling of post-drift conti- 
nental shelf, such sands will doubtlessly be identified and should provide 


substantial reservoirs. 
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SLOPE AND ABYSSAL SYSTEMS -- Summary 


1, Occur along continental margins, deep lakes, and cratonic basins; modern 
studies handicapped by post-Pleistocene sea-level rise (deltas not 
actively prograding shelf, destruction process presently dominates 
slopes); difficult to obtain representative sequences for study (deeply 
buried in most ancient basins or in geosynclinal belts with structural 
complexity) 


2. General characteristics of modern slopes 


a. Physiography (margin, upper, middle and lower slope): gradient, 
degree of dissection, types and rates of sediment input important 

b. Primary slope origin: progradation, slumping and gravity sliding, 
tectonics, faulting, damming of outer margins (salt diapirs or 
faults), downwarping of continental margins, rifting, sea-floor 
spreading 

c. Secondary modification: erosion (submarine canyons), progradation 
by fans and deltas, on-lap of rises, carbonate build-up, construc- 
tion versus destruction (contemporaneous and temporally distinct) 


3. . Depositional processes and slope sediments 


a. Traction versus suspension transport 

b. Mass gravity movement (fluxoturbidites, pebbly mudstones, wildflysch) 

c. Turbidity flow and turbidites (density or hyperpycnal flow, graded beds, 
experimental versus observed flow, flysch and tectonics, the Bouma 
sequence) 


d. Grain and shear flow, bottom-hugging traction flow 
e. Suspension and pelitic-pelagic deposits 

f. Contour or geostrophic currents and contourites 

g- Cloudy (nepheloid) suspension currents 


h. Bioturbation 

i, Summary: mass gravity movement: fluxoturbidites--turbidity and 
traction transport: turbidites and pelites--nepheloid clouds and 
other suspensions: pelagites--slope and abyssal deposits modified 


by geostrophic currents 
4. Modern slope environments: their processes and sediments 


Modern slopes are principally undergoing destruction. For this reason, 
they are not necessarily valid models for many ancient systems. 
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Slope and Abyssal Systems 


a. Shelf break, upper, and mid slope: erosion and sediment by-pass 


dominant; extensive channels and canyons; mass gravity transport 
common (slumps, slides, mud and debris flow); bioturbation; 
fluxoturbidites dominant; restricted lateral persistency of individual 
sedimentary units; downslope directional features consistent 

b. Lower and distal slope: deposition dominant; upper and mid-slope 
channels and canyons bifurcate downslope into submarine fan 
distributaries; moderate bioturbation; turbidity or density flow 
dominant; some fluxoturbidites and amalgamated beds in proximal 
areas; fans display generally predictable downfan changes in Bouma 
sequence; fans grade distally into pelagic basinal or abyssal deposits; 
individual sedimentary units thin, sheetlike; downslope directional 
indicators variable; when net progradation not maintained, these 
environments on-lap as continental or basinal rise 

c. Continental rise: similar in most respects to lower and distal slope 
environments and deposits; rise sediments are deposited in lower 
and distal environments under a waning or diminishing sediment 
supply resulting in upslope migration of environments and onlap 
of depositional units; related to a sedimert-starved or destructional 
episode 

d. Basin floor or abyssal plain: dominance of pelagic deposition, starved 
basin, siliceous sediments, organic content concentrated by slow 
suspension deposition, minimum bioturbation 


5. The submarine fan: a fundamental depositional element 


Principal processes, modern occurrence and distribution, fan surface 
(channels, levees, fan plain, distal fringe); internal depositional units 
(Bouma sequence, flow regime, spatial variations); downfan (proximal- 
medial-distal) variations in process, textures, sedimentary structures, 
facies; shifting and transient character of individual fans, fans as 
components of submarine fan-cones and slope systems 


6. Depositional phases of slope development (based on Modern and ancient analogues) 


a. Constructional phase: dominant processes on slope result in significant 
sustained net progradation or out-building of slope system into basin; 
coincident with maximum upbuilding (regression) on adjacent shelf by 
dip-fed deltas and fan-deltas; period of sustained direct supply of 
slope by paralic deposition near shelf-edge, followed by gravity 
transport in slope-distributary system; transported delta sediment 
(suspended sediment via hyperpycnal flow; traction transport via 
fresh-water wedge) does not pass directly into slope transport system 
but passes through finite period as deltaic or marine reworked deposits 
before erosion and transportation via mass movement or density 
(hyperpycnal) flow 
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Slope and Abyssal Systems 


b. Destructional phase: dominant processes on slope result in significant 
redistribution of slope sediments and erosion of paralic sediments 
along shelf-edge in absence of sustained, direct sediment supply by 
paralic systems; diminished progradation with ultimate development 
of on-lapping continental rise; dissection of upper slope and outer 
shelf with large submarine canyons possible; significant periods of 
destruction coincident with nondeposition of paralic sediments and 
extensive shelf transgression of paralic environments; may be 
related to glacial sea level rise or major avulsion of drainage system 
in the region 

c. Temporal and geographic relationship of depositional phases: slope 
construction occurs persistently only when supplied by paralic 
systems (i.e., delta and fan delta) at point sources along a shelf-edge; 
a destructional phase develops locally when sustained sediment supply 
shifts to another position along the shelf-edge; at any site along the basin 
margin, constructional and destructional slope deposition will alternate 
as paralic supply of sediment shifts from position to position on the 
shelf; construction and destruction may occur contemporaneously but 
at different geographic locations along a basin margin; only when 
sea level rise or a major shift in paralic sediment supply occurs 
will slope destruction occur simultaneously along an entire basin margin 


7. Compound fan-cones and fan-wedges (based on Modern and ancient analogues) 


a. Compound fan-cones: The fundamental depositional element in slope 
systems is the submarine fan, but slopes prograde by outbuilding of 
compound fan-cones composed of many individual submarine fan 
deposits. Fed by one or more paralic sources on the shelf (i.e., 
major delta system with several lobes) the compound fan-cone is a 
large basinward bulge of slope sediments that defines a principal 
physiographic feature sloping basinward from one or more feeder 
channels or slope canyons. The fan-cone is analogous to a major 
delta with several lobes (e.g., individual fans) that has a finite 
history of construction, destruction, reactivation, and eventual 
abandonment. The compound fan-cone is the fundamental construc- 
tional element in slope systems; it is defined by its component fans 
and their individual facies. 

Progradation (construction) and reworking (destruction) can occur 
at the same time on different fans within a compound fan-cone, but 
as long as sediment is being supplied consistently to the compound 
fan, construction dominates; abandonment of the cone either 
temporarily or permanently results in dominant destruction; 
terminal abandonment results in destruction leading to development 
of significant rise deposits. 
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Slope and Channel Systems 


b. Fan-wedges: Internally, the stratigraphic and sedimentary character 
of a compound fan-cone will reflect the nature and relative dominance 
of constructional and destructional episodes. Any cross section 
through a fan-cone parallel to paleoslope will display one or more 
wedgelike stratigraphic units. Depending on sufficient control, 
these fan-wedges can be recognized and mapped using seismic 
techniques and conventional subsurface methods. Thickness, 
areal extent, and external geometry of individual slope fan-wedges 
(and the compound fan-cone) is variable and is dependent upon the 
tectonic and sedimentary style of the basin. 

The fan-wedge may contain sedimentary units ranging basinward 
from proximal facies dominated by fluxoturbidites deposited in upper 
and mid-slope environments to distal facies dominated by individual 
turbidite fans. The fan-wedge displays a facies tract that represents 
transport and deposition linking paralic systems with basinal or 
abyssal systems. The fan-wedge is, therefore, composed of 
component facies defined by fossils, textures, vertical sequences, 
and sedimentary structures. Externally, the fan-wedge can be 
classified into several principal types: 

1, Off-lap fan-wedge: develops from compound fan-cone deposition 
during active progradation in a basin with minimum tectonic 
subsidence, Relatively complete facies tract preserved; 
proximal wedge with minimum fluxoturbidites; wedge dominated 
by turbidity deposits; defined stratigraphically and seismically 
by large ''foreset'' units with 3 to 5 degrees basinward slope; 
common in cratonic basins and along mid-plate continental 
margins 

2. Up-lap fan-wedge: develops from compound fan-cone deposition 
within a basin exhibiting significant fault-controlled sub- 
sidence. Proximal wedge deposits dominated by fluxo- 
turbidites; defined seismically and stratigraphically by 
minimum out-building and maximum up-building or stacking 
of wedges due to rapid subsidence rates: wedges commonly 
less inclined basinward than off-lap wedges; common along 
tectonically active continental and basinal margins or plate- 
boundaries; may be modified by post-depositional tectonism 

3. On-lap or rise fan-wedge: develops during a significant period 
of fan-cone destruction; results in shelfward migration of 
fan environments with resulting continental or basinal rise 
deposition on-lapping constructional cone; rise wedges 
commonly occur following terminal abandonment of a fan-cone; 
stratigraphically and seismically the on-lap rise wedge displays 
a progressive shelfward on-lap of older wedges; the wedge 
may grade upward into carbonate deposits as sediment- 
starved shelf becomes a carbonate system 
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Slope and Abyssal Systems 


8. Genetic slope systems (continental margins and cratonic basins) 


It is important to remember that most Modern Slopes are in a destruc- 
tional phase induced by recent rise in sea level. Consequently, 
there are few Modern examples of paralic sediment being supplied 
to outer and shelf-edge sites. Thus, valid slope models must be 
based on both Modern and ancient analogues 


a. Fanefed slope systems: typically occur in fault-bounded basins or 
along plate margins with significant tectonic activity; nearby 
elevated source of sediments; compound fan-cones fed by 
fan-deltas (high gradient, coarse-grained bedload braided 
streams); multiple fan-delta supply along basin margin; narrow 
shelf precludes construction of broad wedge of paralic sediments; 
fan-related slope deposits contain abundant gravels, slump blocks, 
fluxoturbidites, amalgamated beds, flutes, and sand-rich flysch in 
proximal fan-wedge; mid-slope and distal slope deposits difficult 
to distinguish from distal delta-fed slope systems; system is 
characterized by dominance of up-lap fan-wedges 

1. Continental margins: Mio-Pliocene of California, Modern- 
Holocene of California, Moderan Yallahs basin of Jamaica 

2. Mobile basin (flysch troughs and foreland basins): Marathon, 
Ouachita, Alps 

3. Yoked basins (cratonic basins with bounding faults): 
Ancestral Rockies with granite wash 


b. Delta-fed slope systems: typically occur in basins with minimum 
tectonic activity except for gradual subsidence; distant- and/or 
low-relief source area; large drainage basins; compound fan-cones 
fed by high-constructive and tide-dominated deltas; short periods 
of continuous sediment supply followed by long periods of delta 
abandonment and corresponding slope destruction; associated with 
wide shelves and extensive paralic systems; slope systems high 
in mud and organics, low in sand, rare gravels, few fluxo- 
turbidites in proximal fan-wedge; distal slope deposits similar 
to other systems; system is characterized by off-lap fan wedges 

1. Continental margins: Gulf of Mexico; tide-dominated deltas 
of southeastern Asia 

2. Cratonic basins such as Midland basin, Cretaceous of U. S. 
Western Interior, Spanish Carboniferous, Lower Missis- 
sippian of Illinois Basin 
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c. Sediment-starved slope systems: related to tectonically or 


climatically diverted drainage, eustatic sea-level rise, 

areas of prolonged strike deposition without outbuilding to 
outer shelf; biogenic shelf deposits with compound fan-cones 
essentially destructive; common limestone turbidite fans or 
aprons; some slumping and erosion of shelf edge and common 
development of submarine canyons; system is characterized 
by dominance of on-lap or rise fan wedges 


9. Stratigraphic and seismic profiles of various slope systems; stratigraphic 
identification of fan-fed, delta-fed, and sediment-starved systems 


10. Role of slope sediments in basin-filling; relationship to plate tectonics and 
geosynclinal theory 


11. Mineral reservoirs: submarine, slope, channel, and fan sand deposits provide 
significant reservoirs in many basins of the world; updip pinchout of slope 
sands into marine muds provides excellent stratigraphic traps. The 
occurrence of salt-diapir slopes, slopes with extensive growth faulting, 
and abundant gravity slumping and sliding provide potential structural 
traps. Such reservoirs are being encountered increasingly as deeper 
drilling proceeds in established basins. Nearly all sedimentary basins 
should have some sort of slope development. 
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EOLIAN SYSTEMS -- Summary 


By definition, eolian systems are single-element systems being restricted to 
those developed through wind action; wind is an effective segregating 
agent, so that in addition eolian systems consist chiefly of sand only; 
sand characterized by uniformity in composition and paucity of structural 
types; contrasts with compound-element systems like deltas 


Intrafacies relationships do not occur; petrology is fairly uniform; main con- 
sideration must be on structures and stratification units; very little study 
made of internal structures of modern dunes 


Recognition of large eolian units is relatively easy; where dunes and eolian 
sands make up a minor part of a system, such as in fluvial or barrier- 
bar systems, preservation is rarer and recognition more difficult 


Volumetrically important in fill of some sedimentary basins (especially Upper 
Paleozoic and Mesozoic of Colorado Plateau, U.S.A. ); modern dune fields 
occupy 20% of land surface 


Principal characteristics are large-scale cross beds, few fossils except in 
fine-grained wind deposits (loess), frosted grains common in modern 
dune sands. Petrology: grain/matrix ratio is high because much clay has 
been winnowed out; depending on source, framework fraction may be im- 
mature; sorting generally fair to good; micaceous minerals generally ab- 
sent; rounding is good; cementing agents generally chemical; conglomerates 
are rare. 


Sedimentary structures: Prime structure is cross bedding, which may be very 
large scaled; individual sets as much as 100 feet; inclination is generally 
unimodal, excepting in dunes formed under seasonally changing wind direc- 
tions (sief dunes and some coastal dunes) 


Dune types 


a. Transverse dune: nearly straight sand ridge oriented at approximately 
right angles to the dominant, effective wind direction 

b. Barchan dune: crescent form; horns of crescent extend downwind; 
closely related to transverse dune and apparently formed by a 
unidirectional wind; in many areas, barchans are scattered from 
one another on flat surfaces; in other areas tend to coalesce, form 
complex masses, and show gradation to transverse dunes 

c. Parabolic dune: U- or V-shaped dune representing a type of blowout in 
that the central part has moved forward with respect to the arms; 
arms commonly anchored by vegetation and entire dune is relatively 
stable; commonly forms the downwind margin of a dune field 
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Dome dune: low circular dune that forms a mound on the upwind 


margin of a dune field; seems to develop where dune height 
is inhibited by an unobstructed strong wind 


Seif (longitudinal) dune: long, nearly straight sand ridge commonly 


parallel to other similar ridges and separated from them by 
wide, flat interdune surfaces; dune normally is oriented along a 
line that is the vector of two converging wind directions; common 
in parts of North Africa and Australia 


Reversing dune: dune that tends to develop unusual height but that mi- 


grates only a limited distance to seasonal shifts in dominant wind 
direction resulting in alternate movements in nearly opposite 
directions; shape may resemble a barchan or transverse dune 
but differs in complexity of internal structures 


Star dune: type of sand body developed locally in Saudi Arabia and parts 


of North Africa; has a central point from which 3 or more arms or 
ridges radiate in various directions 


8. Trend in dune forms: Generally develop as follows, progressively away from 
source and in downwind direction: dome, transverse, barchan, and para- 


bolic 


9. Rate of dune migration: Highest upwind and lowest among the parabolic dunes 
downwind; dissipation of energy across the dune field 


10. Characteristics and internal structures: 


ae 


be 


Transverse dunes: among high dunes; form long, nearly parallel ridges 


at right angles to dominant wind direction; sorting fair to good but 
not as good as in barchans and parabolic dunes farther downwind; 
in cross section (across dune parallel to wind direction), steeply 
dipping laminae form the lower 2/3 of dune; dips 30° to 34°; fore- 
sets large scale, some extending as much as 60 feet; bounding 
surfaces of sets have moderately high dips, mostly from 20° to 25°; 
deposits in upper third of dune consist of relatively thin, gently 
dipping to horizontal sets, 2-3 feet thick; laminae within these sets 
dip moderately (10° to 15°); thinning and flattening of cross strata 
in upper part result from periodic truncation as upward growth 
becomes more difficult; some wavy laminae in steep foresets due 
to slumping 


Barchan dunes: lee side is steep slipface with plan outline concave down- 


wind; windward side much more gentle slope, convex in outline in 
upwind direction; early stage of sand accumulation represents de- 
posits on windward side and consists of relatively thin sets of 
cross strata whose laminae dip at 25° to 35°; these bounded by 
surface of low downwind dip, commonly 2° to 5°; on lee side of 
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dune most surfaces of bounding sets dip from 20° to 30°; in- 
dividual laminae extend 40 feet or more; structures in barchan 
wing or horn consist of nearly flat-lying surfaces bounding cross 
strata sets, most of which range from 2 to 5 feet and are tapered 
toward dune margin 

c. Parabolic dunes: conspicuous along the downwind margins of dune fields; 
develop in ''U'' and ''V'' shapes; arms partially anchored by vegeta- 
tion; sands well sorted; structural pattern formed of high-angle 
cross strata that extend across much of the ower part of dune; 
laminae dip 20° to 35°, and bounding surfaces dip 10° to 20°; fea- 
ture not found in other dunes is downward curvature of the high- 
angle foresets near the dune front; probably the result of dune shape; 
the protruding frontal margins of the dune expose the slipfaces and 
permit cross winds to erode it and oversteepen the lower part 

d. Dome dunes: occur immediately downwind from source, low isolated 
mounds, round or oval in plan with rounded tops; differ notably from 
other types of dunes in size and shape and also in absence of steep 
avalanche faces; medium grained sand as in other dunes but with 
much poorer sorting with higher percentages of fine and coarse 
sediments (probably proximity of source); dips of cross beds es- 
sentially those of a dune that starts as a transverse dune and is 
later modified by strong winds that preclude high growth; much 
sand is moved to lee side in suspension; thus sand accumulates in 
moderate-to long-angle laminae on lee side 


11. Trends in dune fields: (Downwind) inclination of cross beds increases and finally 
decreases; dune height begins low, increases, and then becomes moderate; 
dune crests begin in circular pattern, become straight, then develop down- 
wind arms and finally upwind arms; grain size decreases; sorting increases, 
vegetation stabilization increases; directional variance increases 


12. Multiple parallel truncation bedding planes or ''water table bedding": Many an- 
cient eolian deposits show extensive smooth parallel surfaces that sharply 
truncate cross bedding and are not depositional; these are commonly iron- 
cemented; since wind has little effect upon water-saturated materials, as- 
sumption is that conditions developed where dune fields were deflated to 
water table, creating smooth, flat surfaces that later separate intervals of 
cross bedded sands; necessary conditions are abundant sand, strong wind 
action, and a water table that rises with sedimentation and at some time 
reaches the surface 


13. Mineral reservoirs: Although permeabilities and other host conditions are ideal 
for accumulation of oil and gas, eolian sands are singularly nonproductive; 
a principal limitation is lack of source beds. Eolian sands apparently pro- 
vide reservoirs only where extensive upward migration of oil and gas has 
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occurred. Source for oil and gas produced in the North Sea from pre- 
sumed eolian sands is considered to be at depth. 
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LACUSTRINE SYSTEMS -- Summary 


1. Important associations: Origins of oil shales, turbidity and density current 
processes, delineation of Gilbert-type deltas 


2. Definition: Reasonably unique systems, develop in terrestrial closed depres- 
sions, under conditions of some restriction, low energy, without influence 
of tides and other modifying features of ocean-water masses; sensitive to 
climate and variation in climate; principal occurrence in intermontaine 
basins with tectonic association and in large constructional systems such 
as deltas; minor parts of other depositional systems; water-body properties 
function of temperature and chemistry, result in distinct lacustrine facies 


Pee aly Des: 


Open or drainage lakes: water input and output occurs by streams, by 
seepage, or by both 

Closed lakes: input and output occurs only by surface rainfall and evapora- 
tion; common to arid regions 

Types commonly associated temporally 


4. Limnological principles: 


In temperate regions, warming and cooling of lake water body results in 
zonation, upper level epilimnion and lower level hypolimnion sepa- 
rated by thermocline; upper level circulates, well oxygenated; 
lower level more or less stagnant; when temperatures or densities 
of two water masses are similar, as in spring and fall, overturn 
occurs and entire water mass is circulated 

In tropical and subtropical lakes only one overturn per year 

In addition to above thermal stratification, water mass may be stratified 
¢hemically, giving an upper oxygenated epilimnion and lower stag- 
nant saline hypolimnion 


5. Varving: Principal means of recognizing nonglacial varves is organic-layer cri- 
terion; organic layer represents seasonal plankton growth and organic 
precipitation; blooming may not always be seasonal, may skip a season, 
may be more than 1 bloom per season; bloom represents organic layer, non- 
organic components inserted 


6. Lake models: 


Stratified lake model: including both thermal and chemical stratification 
or combinations; characterized by lower dense water hypolimnion, 
which gives a distinct lake facies with varving, good preservation 
of biota, reducing conditions, oil shales; unique to lakes and where 
developed easily recognized; not much inflow and terrigenous con- 
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tribution but will develop distinct shoreline features, shoreface, 
and beach in terrigenous bounding terrains, oolite bars and algal 
mounds in carbonate bounding terrain 

Open lake model: may develop stratification of water bodies but does not 
leave strong impress on facies; terrigenous input may be signi- 
ficant with development of marginal Gilbert deltas and underflow 
density or turbidity current deposits; commonly not recognized 
due to absence of unique hypolimnion or closed lake facies 


7. Lake facies: 


Closed or stratified lake facies: development of dense stagnant hypolimnion 
zone, either through temperature or chemical contrasts; very low 
physical energy; main characteristics include 


Lie 


TO: 


eS 
lee 


Developed below effective wave base, few sedimentary struc- 
tures indicative of water movement 

Sediment chiefly silt and clay, with collochemical sediments 
dominant; nonclay materials chiefly subgraywackes and arkoses 
Lack of bentonic organisms; no evidence of burrowers 
Structures mainly due to syneresis; brecciation if evaporites 
formed; variety of hydroplastic structures from colloidal oozes 
Abundant organic deposits; bituminous organic materials from 
aquatic organisms that settle through water column and form 
bottom oozes; chiefly planktonic algae, pollen, spores, and 
bacteria 

Diagnostic, widely persistent, uniform laminae, characterized 
by some kind of very fine lamination, commonly varving 
Originally high positive redox potentials with abundant pyrite 
and marcasite 

Common minerals are zeolites, chiefly analcime 

Exceedingly fine grained dolomite and salt casts; calcite precip- 
itation gives argillaceous limestones or marls 

Bedded salts, very commonly unusual types; calcium sulfate 
fairly common, but ordinary halite not common 

Delicate preservation of organisms 

Graded bedding common 


Open lake facies: develops in absence of permanent hypolimnion, may be 
marginal to closed lake facies; displays no single criterion 
as diagnostic as varving; recognized on combination of features, 
including 


i 
rae 


Abundant mud cracks, subaerial desiccation structures 
Oscillation ripple marks; current ripple marks locally but 
not common 
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3. Cement and associated accessory minerals commonly cal- 
cite; dolomite not common, salt casts may occur 

4. Bioturbation extensive, with swimmers and trackers common 

5. Parallel laminations with swash and rill structures common 

in beach zone 

Oolites common in calcareous lakes; algal banks 

Individual sedimentation units irregular and nonpersistent 

. Organic materials may not be common 

Conditions of oxidation common, especially in marginal and 

terminal parts 

10. Gilbert deltas and turbidity or density underflows common fea- 
tures 


<0" Go" =] O» 


8. Gilbert deltas: Require similar density of river water and reservoir water body 


9. 


10. 


1a 


(homopyncnal inflow); commonly satisfied in lakes; three-dimensional 
mixing, rapid decrease in velocity, depositim within 4D of orifice, deposi- 
tion of foresets at essentially angle of repose, marked by abundant climbing 
ripples; scale of foresets up to 50 feet depends on depth of water at stream 
mouth; foresets bounded by subaerial, flat-lying sediments above (topsets) 
and flat-lying sediments below (bottomsets); bottomsets may cover most of 
lake bottom if density underflows develop; Gilbert deltas represent coarse 
grained sediments, gradational to alluvial fans if gradient sufficiently steep; 
fans common marginal feature of lakes 


Lacustrine underflows: Common features of nonstratified or poorly stratified 


lakes; obtained when density of discharging stream exceeds lake water; 
due to lower temperature, higher salinity, high sediment load; river water 
sinks below lake surface and travels along bottom; result in turbidites with 
graded bedding; especially well developed in such modern lakes as Lake 
Geneva, Lake Constance, Lake Mead 


Ancient lacustrine systems: Well- studied ancient examples include the Green 


River (Eocene) of western U.S. (Bradley); Triassic Lockotong of north- 
eastern U. S. and Maritime Canada (Van Houten); Lake Bonneville of 
western U. S. Great Basin (Gilbert); Lake Abert (Mississippian) of New 
Brunswick (Grinier) 


Mineral reservoirs: Oil shales are common to many ancient lacustrine sequences 


(Green River, Albert, Scottish Carboniferous); generally magnesium marls 
rich in organic matter rather than shale; associated with closed lake facies 
or below-wave-base facies; reducing conditions; commonly varved; well 
preserved fossils; soft sediment deformation; organic closed lake facies 
are obvious source beds; very fine grained, collochemical size sediments 
precluded migration of sediment hydrocarbons, so source beds and reser- 
voirs are the same units; also, lake facies are source of a variety of raw 


minerals and mineral salts 
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TERRIGENOUS FAN SYSTEMS -- Summary 


1. Included systems are alluvial fan, fan delta, and clastic wedge; similarity of 
processes and association 


Alluvial fan: cone-shaped pile of sediment built where stream issues 
from a highland onto an adjacent lowland 

Fan delta: essentially an alluvial fan built into a standing and permanent 
body of water, characterized by distally associated facies owing 
to this water body 

Clastic wedge: fan or bajada system; complex of alluvial fans or fan deltas 
considered with associated marginai facies; convenient term for 
thick clastic units in rock record generally associated with terminal 
tectonics, block mountains, etc. 


Alluvial Fans 


2. General features: Essential requisites are highland and lowland side by side; 
established by differential erosion (not common) or by tectonic uplift or 
depression. Best developed in sparsely vegetated areas of low and inter- 
mittent rainfall such as Near and Middle East, Australian interior, North 
American southwest, North American subarctic regions, and European Alps; 


arid to semi-arid regions 
Most related to aggrading basins, generally without thorough peren- 


nial drainage 


3. Morphologic features: Concave in longitudinal profile, convex in transverse profile; 
slope from few feet to a few hundred feet per mile; generally less than 10°; 
common size of 1/2 mile to 4 miles in length; coalescing of individual fans 
gives bajadas or alluvial plains extending length of highland range; these 
oriented parallel to highland with axis of thickness also aligned; fan commonly 


thickest adjacent to source 
4. Morphologic units: 


Fan head: uppermost part of fan at apex 

Proximal fan: upper part of fan 

Distal fan: lower part of fan 

Grade distally into a variety of depositional systems; may persist down- 
slope to braided to meander-belt systems; commonly associated 
with lake system; eolian modification common; if grade to marine 


facies, by definition considered a fan delta 


5. Processes and deposits: Stream flow (relatively low mud) and debris flow (high 
muds or fines) and combination of two, though one commonly dominant 


Debris flow: 
Medium is not water but rather mud, which moves as viscous, 


quasi-plastic material; mud viscosity up to 1,000 poise contrasted 
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Terrigenous Fan Systems 


to 0.01 poise for water; density about 2.0 to 2.5 for mud com- 
pared to water with suspended load with density just above 1.0 

Submergence of fragments of larger size 60% less than in 
water 

Mud flow does not deposit selectively as water; resulting de- 
posits are extremely poorly sorted; conglomerate with varying 
size gravel and fine grained matrix 

Represent maximum sediment discharge onto fan in early 
stages after torrential rainfall; duration for a few minutes to an 
hour or so 

Generally confined to proximal fan; flow is checked by loss of 
water to underlying permeable fan sediments or by drying of mud 

Main features: very poor sorting; individual units unstratified; 
quicksand injection features, lack of imbrication of gravels; domi- 
nant process if muds or fines available from source area 

Stream flow: 

May occur in channels (confined) or as sheetfloods (unconfined) 

Dominant process on fans where fines not available and debris 
flows cannot form 

Commonly follows mudflows after fines in source area have 
been carried out 

Duratim of hours or weeks 

Loss of stream competence on fan due to decrease in slope 
along fan radially and loss of gradient; loss of water to under- 
lying permeable fan sediments; change from confined channel in 
upper part of fan to unconfined channel below mid-fan; downfan 
loss of competence leads to size gradation, coarsest in upper part, 
fines carried to distal part of fan 

Channel flow exclusively braided (high load, high sand, high 
gradient); dominant deposit is longitudinal bar; water-laid gravels 
commonly imbricated 

Sieve deposition and infiltration: 

Special case of stream flow deposits involving water infilration into 
underlying permeable fan sediments 

Deposit in form of coarse grained lobe; causes damming of chan- 
nel with upstream slope behind dam, channel backfilled with finer 
grained sediments; coarser materials stacked over permeable, 
coarse sieve lobe 


6. Fan sediments: 


Composition: large gravels, immature sediments due to proximity of 
source area and depositional site, little or no reworking; arkoses 
and graywackes 

Downfan decrease in grain size, but only in general sense 
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Terrigenous Fan Systems 


Overall very poor sorting, debris flows poorest, water-laid deposits 
little better 


Downfan increase in roundness 
Fan Deltas 


7. Processes similar to arid-region alluvial fans; differ in that distal part is 
built into standing body of water, commonly marine; destructional bars 
developed along distal margin; delta features include only progradation 
into standing body of water; main processes of fan origin 


Clastic Wedge System 


8. Numerous examples of thick gravel-bearing sequences in ancient record; have 
in common a tectonic association; most are bounded by highland fault with 
faulting contemporaneous 

Gravel and coarsestmaterials proximal to front and grading ina 
relatively short distance through finer grained clastics and then into facies 
of other systems; maximum thickness next to source, commonly thin away 
from source and bounding fault at rate of 500 to 1,000 feet per mile. Per- 
sistent in linear belt. 


9. Ancient examples: Newark and related systems of eastern North America 
(Triassic); New Red Sandstone of southern England (Triassic); Paleozoic 
Appalachian wedges (Catskill, Bloomsburg, Queenston); Old Red Sandstone 
(Devonian) of Wales; Mid-continent Pennsylvanian (Arbuckles, Wichitas, 
Criner Hills, Ouachitas); Central and southern Rockies (Upper Paleozoic) 
(Front Rangia, Unconpahgre) 


10. Mineral reservoirs: Alluvial fans are not known to produce oil and gas; they 
are, however, the major source of base metal placers. Fan deltas, by 
contrast, especially the marginal destructive marine bars, are highly 
productive of oil and gas in many basins of the world. 
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